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Abstracts 
Aquilaria is a genus of tropical trees which has recently been the focus of international 
conservation concern. The species of this genus are a source of gaharu, a fragrant 
resinous wood, which ranks among the most highly valuable non-timber forest products 
world-wide. Most, if not all, gaharu being traded is harvested from natural forest. As a 
result of this trade, it has been suggested that the population density of Aquilaria spp. in 
natural forest in countries such as Indonesia, India and Malaysia, has been depleted. 
For the last 20 years, Indonesia has been one of the major exporting countries for gaharu. 
The objectives of this study were to estimate the population density and distribution of 
Aquilaria spp., and to evaluate the impact of trade in gaharu on populations of the 
species in natural forests. Investigations were made of factors influencing regeneration, 
reproductive ecology and stand structure of Aquilaria, and the status of the species was 
evaluated in relation to IUCN categories of threat and CITES criteria. The impact of 
trade in gaharu was assessed by field surveys and analysis of trade data. 
Six species of Aquilaria are recorded in Indonesia; A. beccariana, A. cumingiana, A. 
hirta, A.filaria, A. malaccensis and A. microcarpa. Based on the national forest inventory 
(NFl), the density of Aquilaria spp. in Sumatra appears to be lower than in Kalimantan 
(0.4 h&' and 0.36 ha' and 0.83 ha - 'and 1.17 ha in lowland and upland Sumatra and 
Kalimantan respectively). A. malaccensis has the highest germination probability and A. 
filaria the lowest. A positive relationship between light availability and seedling growth 
was recorded in the field for A. malaccensis and A. microcarpa. Mortality of these 
species in natural populations was found to vary with size class; highest mortalities were 
recorded for seedlings. These data were used to parameterize a matrix model to predict 
population dynamics under different harvesting regimes. 
The value of trade was found to fluctuate from year to year, rising to a maximum of $US 
6 million in 1996. Based on trade data and field analysis of harvesting, it was estimated 
that 59,000 trees of Aquilaria species were felled in East Sumatra in 1992 and 80,000 
trees were felled in East Kalimantan in 1996. Matrix models predicted that harvesting of 
the species will be sustainable provided that the annual cutting level is set at a maximum 
of 30% of harvestable individuals with a minimum dbh >10 cm. According to IUCN 
criteria, the species should be considered as vulnerable to extinction. The species also 
qualifies for listing under Appendix II of CITES. The implications of the designations 
for conservation and sustainable use of the species are discussed. 
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I.!. THE WORLD IS TROPICAL FOREST 
Tropical forest is a unique and valuable resource for supporting natural systems and 
improving human activities. Lying on each side of the equator between 27° North and 
24° South latitude, tropical forest provides habitat for nearly half of all the world's 
animal and plant species, including many genera and families not found in the rest of 
the world. The major regions of tropical forest are South America, Central Africa and 
the large islands of Southeast Asia (Longman and Jenik, 1987; Whitmore, 1972). 
This type of forest has acted in the past as a reservoir of genetic diversity and has been 
a centre of evolutionary activity from which the rest of the world's flora and fauna 
have been recruited. There is clear evidence that many species in temperate regions 
are derived directly or indirectly from the tropics (Richards, 1952). Tropical forests 
also yield a multitude of useful products, ranging from saw logs and firewood to 
medicinal plants, which are of substantial value to local economies and world trade. 
They also play an important role in regulating local and regional climate (Whitmore, 
1972). As tourism activities become a major earning value for many countries, 
tropical forest with its unique flora and fauna also provides tremendous incentives for 
the development of the eco-tourism industry (Sharma et al., 1992). 
The three countries with largest tropical forest areas are Brazil, Zaire and Indonesia 
(FAO, 1988). The current figure of forest area in each country varies depending on 
the method used for calculation. For instance the FAQ's report on tropical forest 
(198 8) relied on the estimates provided by each tropical country, whereas the updated 
report of FAO (1990) was based on the combination of anal photography, remote 
sensing interpretation and the latest country reports. 
In recent decades, tropical forest has become a major source of land for development 
activities. Millions of hectares of forest in many tropical countries have been 
2 
converted into settlement, monoculture plantation forest, and agricultural and 
industrial areas. This has contributed greatly to a decline in the value of tropical forest 
as a source of genetic resources and its direct and indirect economic value at the local 
and national level (Barbier et al., 1994). The estimation of annual rate of deforestation 
in the tropics reached an average of 0.9 percent throughout the 1980s. The actual 
values on a regional basis are 8.3 million hectares/year in Latin America, 5 million 
hectares/year in Africa and 3.6 million hectares/year in Asia (Barbier et al., 1994) 
Of the three biggest tropical countries, Brazil and Indonesia in the early 1980's 
experienced the highest extent of annual forest loss (Barbier et al, 1994). However, 
according to FAO (1990) the rates of tropical deforestation per unit area are high in 
the following countries: Nigeria (5% year 1), Paraguay (4.7% year 1), Ivory Coast 
(6.5% year-) and Costa Rica (4% year) mainly due to their limited natural resources. 
The main causes of deforestation are to some extent still in question. WRI (1990) for 
instance proposed several main causes of deforestation in the tropics: (1) commercial 
logging and mining activities, (2) shifting cultivation due to the increased accessibility 
to the forest land (3) population pressures and (4) inconsistent government policies 
related to forest land. Likewise, WRI (1990) classified three main causes of 
deforestation, which include (1) permanent forest conversion into agricultural land, 
(2) logging activities and (3) demand for fuelwood, fodder and other forest products. 
However, regardless of the causes, forest conversion has received attention at the 
highest scientific and government levels. Policy makers, experts and NGOs are 
concerned that the rate of deforestation might be even higher in the near future, given 
that more than 2.5 billion people in tropical regions depend on natural forests for 
many economic services. These populations are likely to continue increasing well into 
the next century (UNCED, 1992). For these reasons governments, NGOs and 
scientists met in Rio de Janeiro Brazil in June 1992 to formulate the future approach 
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to dealing with current and future forest resources and their problems. The Rio 
meeting has produced the Rio Declaration on Environment and Development which is 
popularly known as Agenda 21. 
Agenda 21 is basically a blueprint for action for sustainable development worldwide 
into the 21 century. The Agenda has 27 principles, which include, among others, 
sustainable development, protection of the atmosphere and global consensus on the 
management conservation and sustainable development of all types of forests. The 
Agenda stands as a comprehensive statement of principles and a global action plan for 
governments, united organisations, non-government organisations and development 
agencies which have activities concerning the environment. The Agenda also reflects 
a global consensus and political commitment at the highest level on development and 
environmental co-operation. 
1.2. SUSTAINABLE OF FOREST RESOURCES 
The idea of sustainability emerged in "A Blueprint for Survival" in 1972 (Basiago, 
1995). The idea became the focus of global attention as a result of the Brundtland 
Commission report in 1987 (Newton, 1997, Basiago, 1995; Trzyna, 1995). The 
concept of sustainability was affirmed by the European Union in 1990 in its Bergen 
Declaration on Sustainable Development (Basiago, 1995). The UNEP Governing 
Council defined sustainable development as development that meets the need the 
present without compromising the ability of future generations to meet their own 
needs, and does not imply in any way encroachment upon national sovereignty 
(Basiago, 1995; UNCED, 1992; ITTO, 1990). 
In the forestry sector, the principle of sustainability has been implemented far earlier 
within the concept of sustained yield management as means of achieving, at the 
earliest practicable time, a balance between net growth and harvest, either by annual 
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or somewhat longer periods in order to obtain the desired products in perpetuity 
(Wiersum, 1995; Wan Mohd, 1994; Poore, 1993; Davis, 1966). However, since the 
early 1980's the notion of sustainable forest management developed into a more broad 
and complex topic. It Covers the principle of sustaining forest ecosystems and human 
benefits (Prabhu et al., 1996; Wiersum, 1995; Gale et al, 1991; Kennedy, 1985; Parry 
et al.,1983). The term not only includes the principle of sustainable yield but also the 
needs to maintain long-term forest biodiversity and ecosystem services on the basis of 
forest management (Gale et al., 1991). On the other hand, some foresters are still 
more interested in sustainable production capacity (Parry et al., 1983). 
This issue has been a subject of debate of many scientists and managers in the forestry 
sector. The main attention is now focusing on addressing forest management by 
means of sustaining timber production while maintaining ecological integrity 
(Wiersum, 1995). The principles for sustainable management of forest were also 
included in Agenda 21 (UNCED, 1992). The Forest Principles were adopted by more 
than 178 countries. 
However, of the many available practical concepts on sustainable forest management, 
most are developed on the basis of managing forest as an integrated system (Prabhu et 
al., 1996; Newton, 1995; FSC, 1994; LEI, 1994; ITTO, 1990). As a result, the 
importance of maintaining species within the forest ecosystem, though not forgotten, 
tends to be given lower priority due to the practical difficulties of conserving the 
entire forest biodiversity while maintaining adequate commercial yield (Newton, 
1997; Alston, 1992). 
The need to conserve tree species has been highlighted by the IUCN Species Survival 
Commission through the establishment of the Sustainable Management of Trees 
Project in 1995 (Oldsfield etal., 1998). This project identified some 7,000 tree species 
which are threatened with extinction, many of them tropical. Generally speaking, 
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sustainable forest management should ensure that such species are not endangered 
further by forest management practices. An example of criteria for sustainable 
management of forest which emphasises the importance of conserving tree species are 
those developed by the Soil Association (1994). 
1.3. INDONESIAN FOREST RESOURCES' 
Indonesia is a country of about 195 million hectares with an estimated population of 
193 million people in 1993. Forest area was officially registered in 1940 as 
comprising about 144 million hectares (Table 1.1) or about 9 to 10% of the total 
world's area of closed tropical forest (Ministry of Forestry/FAO, 1990). The latest 
figure is about 108.6 million hectares, reducing by some 35.4 million hectares the 
figure of 40 years ago (Ministry of Forestry/FAO, 1990) (Table 1.1). The estimated 
area of natural forest by region (Sumatra, Kalimantan, Sulawesi, Maluku and Irian 
Jaya) is described in Figure 1.1 
These forests are not only a valuable asset for the country's economic development 
but are also a home for nearly 12 million people who depend on forest resources 
(BAPPENAS, 1993). The forestry sector contributes directly and indirectly to the 
current Indonesian economy. It also provides a livelihood for those people who live 
near the forest areas (BAPPENAS, 1993). In 1988 the employment accounted by the 
forestry sector is about 5.4% of the total labour force (74.5 million). However, the 
contribution of the forestry sector to the Indonesian gross domestic product was 
estimated at less than 0.5% (Figure 1.2) (BPS, 1996). 
In terms of foreign exchange earning value, forestry has been particularly important. 
In 1994 forestry and forest based industries ranked the third in the total national 
export value behind oil/gas and agriculture and fisheries (BPS, 1996). In the last 30 
years national development has resulted in a great improvement to the prosperity of 
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most Indonesian people through the development of infrastructure, the expansion of 
agricultural and non-agriculture industries, numerous employment opportunities and 
transmigration programs. However, on the other hand the development has also 
contributed immensely to the process of deforestation (BAPPENAS, 1993). 
The annual rate of deforestation in Indonesia in the 1970's was estimated to be about 
300,000 hectares. The updated estimate for the 1980's was about 600,000 hectares 
(Grainger, 1993,1983; WRI, 1990). The World Bank in 1989, based on gross 
estimates of smallholder conversion, shifting cultivation, development projects, poor 
logging practices and losses to fire estimated the deforestation in Indonesia to be 
between 700,000 to 1,200,000 hectares per year. The area to be rehabilitated, within 
and outside forest land, as estimated at the beginning of the 5th  National Development 
Plan (1989-1993), was 13.1 million hectares (Ministry of Forestry/FAO, 1990). The 
highest deforestation rate in Indonesia occurred in Sumatra followed by Kalimantan 
and Irian Jaya. Figure 1.3 shows annual deforestation in Indonesia by region between 
1982 to 1990. 
The Indonesian economic development continues to accelerate. Between 1965 to 
1980 Indonesia's annual GDP grew at an average rate of 7.9% placing it as the 
eleventh fastest growing economy in the world. This development has resulted in 
deforestation problems which has created serious difficulties in the forestry sector 
(Ministry of Forestry/FAO, 1990). 
A joint study by the Ministry of Forestry and FAO (1990) projected that the forest 
cover in Indonesia will decline to less than 100 million hectares by the year 2000 and 
will continue to reduce down to 84 million hectares by the year 2030. The decline 
was predicted continue to about 73 million hectares by the year 2050. The calculation 
has taken into account the various ongoing efforts at re-greening and re-forestation 
(Ministry of Forestry/FAO, 1990). 
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The area under forest plantation in 1968 was some 1,494,400 hectares of which 
704,800 hectares were teak plantations. In 1988 the area had increased to 8.47 million 
hectares including about 881,000 hectares of teak plantation. The target area of forest 
plantation by the year 2,000 is some 25 million hectares. Hence, about 20 to 30% of 
the future forest area in Indonesia is expected to be plantation forest (Ministry of 
Forestry/FAO, 1990). The future composition of forest cover may not have a 
significant effect on the national timber supply capacity but it certainly will diminish 
forest biodiversity and lessen the current potential and productivity of non-timber 
forest products (NTFP5). 
The current NTFPs from Indonesia include, among others, gums, resins, dyes, oils, 
fruits, fibres, wildlife animals and their products, palms, bamboo, honey, and 
medicinal plants (Departemen Kehutanan,1996). Although, there is a lack of data and 
documented information on the earning value of these products, the official export 
figure of NTFPs from Indonesia for 1988 was US$ 282 million (Ministry of 
Forestry/FAO, 1990). 
NTFPs have long history as a backbone to many Indonesian forest communities in 
contributing to their livelihood. Honey from wild bees for instance is a lucrative 
product for the villagers. One colony of bees may produce up to 40 kg of honey 
which fetches anything between US$ 1 to 4 per kg (Menon, 1989). NTFP extraction 
is believed to cause less environmental degradation than extraction of timber. Its 
traditional management could potentially provide better community welfare through 
the enhancement of current NTFP management. 
However, in reality the recent high commercial extraction of NTFPs due to the high 
demand of such products along with rapid process of deforestation, may negatively 
effect the potential resources. The traditional value of NTFP extraction is now fading 















become a small type of industry. Accordingly, if there is no initiative for the 
improvement of the ongoing practices the resources may become exhausted very 
soon. 
Table 1.1. Total forest area (ha) and its classification in Indonesia according to period 
No Forest classification 	Area in 1940 	Area in 1990 
(million ha) (million ha) 
1 Conservation forest 18.8 14.6 
2 Protection forest 30.3 25.2 
3 Production forest 64.4 46.1 
4 Convertible fo rest* 30.5 18.7 
5 Unclassified forest 4.0 
Total 144.0 108.6 
*Includes  some unclassified forest (Ministry of Forestry/FAO, 1990) 
Sumatra 	Kalimantan Sulawesi 	Maluku 	Irian Jaya 
Figure 1.1. Estimated area of natural forest in Indonesia by region in 1990; adapted 
from Ministry of Forestry/FAO, (1990) and excluding 8.47 million hectares of forest 
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Figure 1.3. Annual deforestation in Indonesia by region in 1982-1992; 
adapted from Ministry of Forestry/FAO (1990). 
10 
1.4. Aquilaria spp. 
One NTFP product, which in Indonesia is now subject to a high rate of commercial 
extraction, is agarwood. Agarwood, eaglewood, aloe wood, or gaharu, depending on 
the region, is the trade name of fragrant wood which originates from infected trees of 
tropical species of Aquilaria spp. and other species such as Gonystilus spp 
(Wiriadinata, 1995). The fragrant woods, which have a high commercial value, 
appear to be light to dark brown or nearly black in colour depending on resin content 
(Wiriadinata, 1995; Jalaluddin, 1977; Burkill, 1935). The wood is known in Indonesia 
as gaharu, karek, aiim, halim, ohm, nyabak, kelambak, gumbil, karas or ngalas, 
depending on the region within the country (Wiriadinata, 1995; Sidiyasa, 1986). 
The source trees are infected by certain species of fungi (Ng et al., 1997; Santoso, 
1996; Jalaluddin, 1977) or wounding (non-pathogenic) (Nobuchi and Siripatanadilok, 
1991). Upon a severe infection, the trees eventually die. Parts of the tree that are 
highly infected form the fragrant woods, which produce an aromatic product (resins). 
This wood is popular in Chinese and Arabic communities for the purpose of incense, 
perfumes, preservative products and oriental medicine (Ng et al., 1997; Chakrabarty 
et al., 1994; Jalaluddin, 1977; Ding Hou, 1960; Burkill, 1935). Species notified to 
produce high quality of gaharu are A. malaccensis, A. beccariana, A. agallocha, A. 
crasna, A. baillonii and A. grandflora (Ng et al., 1997; Momberg et al., 1997; 
Sidiyasa and Suharti, 1987; Burkill, 1935). 
The infected wood is highly prized and fetches high prices. Currently the best quality 
in Indonesia is worth about $US 500.00 per kg (Departemen Perdagangan,1995) while 
in Malaysia in 1974 the price was about M$ 60 per kg (Gianno, 1982; US$= 1.6 M$ 
in 1992) and in 1993 the price of distillated gaharu in Assam India was about 
Rs.1000 per tola (1 tola equals to approximately 11.62 grams; US$= Rs 31.37 in 
1994) (Chakrabarty et al., 1994). 
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1.41. Taxonomy and Geographical Distribution of Aquilaria spp. 
Aquilaria spp. is a genus of trees belonging to the family of Thymeleaceae which 
consists of 50 genera with 500 species of trees, shrubs and climbers (CIFOR, 1996; 
Beniwal, 1989). Ng et al. (1997), Agustina (1994), Beniwal (1989), Ding Hou (1960) 
and Burkill (1935) reported that there are 15 species of Aquilaria. The Aquilaria 
agallocha is reported to be a variant of A. malaccensis (Sidiyasa et al., 1986; Ng et 
al., 1997). Of the 15 species of Aquilaria spp., six are indicated to occur in 
Indonesia (Aquilaria malaccensis, A. microcarpa, A. hirta, A. beccariana, A. 
cumingiana and A. filaria) (Ding Hou, 1960). The species of Aquilaria distributed in 
a wide area covering most of the East Asia Region including India, Pakistan, 
Myanmar, Vietnam, Lao DPR, Thailand, Kampuchea, Southern China, Malaysia, the 
Philippines and Indonesia (Ng et al., 1997; Chakrabarty et al., 1994; Sidiyasa, 1986; 
Baruah et al., 1982; Whitmore, 1972; Ding Hou, 1960; Burkill, 1935). In Indonesia 
the six species are distributed almost throughout the country except in Jawa and 
Lesser Sunda Island (Table 1.2) (Wiriadinata, 1995; Ding Hou, 1960). 
Table 1.2. Distribution ofAquilaria spp. in Indonesia 
No. Name of Species 
	
Geographical distribution 
1 Aquilaria malaccensis Lamk Sumatra and Kalimantan 
2 Aquilaria microcarpa Baill Sumatra and Kalimantan 
3 Aquilariafilaria (Oken) Merr Maluku and Irian Jaya 
4 Aquilaria hirta Rid! Sumatra 
5 Aquilaria beccariana Van Tiegh Sumatra and Kalimantan 
6 Aquilaria cumingiana (Decne) Ridl East Kalimantan and Maluku 
Source: Wiriadinata (1995); Ding Hou (1960) 
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1.4.2. Characteristics and Habitat ofAquilaria spp. 
Given below are the general characteristics of the six species of Aquilaria spp. which 
occur in Indonesia, which adapted from CIFOR (1996); Sidiyasa (1986); Ding lou 
(1960) and Burkill (1935). 
Aquilaria malaccensis Lamk 
Tree up to 40 in tall with stem diameter up to 60 cm. Bark smooth and whitish; 
branchiets slender, pale brown, pubescent, glabrescent. Leaves shining on both 
surfaces, elliptic-oblong to oblong-lanceolate, 7.5-12 cm by 2.5-5.5 cm. 
Inflorescences terminal, axillary or supra-axillary. Flowers green or dirty-yellow, 
campanulate, 5-6 mm long, scattered puberulous outside. Fruits obovoid or obovoid-
oblong, rounded at the apex, cuneate to the base, 3-4 by 2.5 cm usually compressed. 
Seeds ovoid, including the beak 10-6 mm, densely covered with red hairs. The trees 
occur in secondary to primary tropical forest. 
Aquilaria microcarpa Bail 
Tree up to 40 in tall with diameter up to 80 cm. Bark grey, superficially fissured; 
branchlets light brown, puberulous, glabrescent. Leaves elliptic-oblong to obovate-
oblong or oblanceolate, 4.5 -10 by 1.5 - 4.5 cm. Inflorescences axillary or supra-
axillary, terminal. Flowers white, light yellow or yellow, 5 mm long. Fruits 
subcordate, slightly compressed, 8-12 (46) by 10-12 (45) mm, 1-(2) seeded; 
persistent floral tube sometime splitting on one side. Seeds ovoid, 6 by 4 mm, 
densely brownish pubescent 2 mm long. The trees occur in lowland tropical forest. 
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Aquilariafilaria (Oken) Men 
Tree up to 17 m tall with stem diameter up to 50-cm. Young branchlets light brown, 
pubescent and giabrescent. Leaves oblong, elliptic-oblong to lanceolate, rarely 
oblanceolate-oblong, 10-20 by 3-5.5 cm. Inflorescences axillary and extra -axellary, 
rarely cauliflorous. Flowers yellowish -green or white, infundibular, 5-6.5 mm long. 
Fruits ellipsoid to obovoid or subglobose, slightly compressed, rugose, 1.25 —1.5 by 
1.25 cm, sparsely hairy, yellow. Seeds deltoid, including the appendage, 0.75 by 0.25 
cm, piano-convex, black. The trees occur in lowland tropical forest. 
Aquilaria hirta Ridi 
Tree up to 14 m tall with whitish and rather smooth bark. Leaves elliptic-oblong, 
ovate-oblong, 6.5 -14 by 2.5 —5.5 cm. Inflorescences sessile or up to 10 mm 
peduncled, pubescent, 5-14 flowered; bract small. Flowers white or light yellow up 
to 2-cm pedicelled, pubescent. Fruits protruding from the floral tube, oblanceolate, 
abruptly acute at the apex, attenuate to the base, including the stipe 3.5 -5 by 1 cm, 
densely golden puberulous; pericarp coriaceous. Seeds is ovoid, 10 by 6 mm, 
puberulous, giabrescent. The trees occur in hill slopes of the tropical forest from 
lowland. 
Aquilaria beccariana Van Tiegh 
Tree up to 20 m tall with stem diameter up to 60 cm. The bark is grey and smooth. 
Leaves oblong, oblong- lanceolate, or elliptic-oblong, rarely elliptic, (7-)11-27 by (3-) 
6-8.5 cm. Inflorescences axillary or extra-axillary, branched and up to 1.5 cm 
peduncled, short-paniculiform, pubescent 3-7 mm. Flowers 7-12 mm long, yellowish, 
greenish or yellowish-white. Fruits is protruding from the top of the floral tube, 
ellipsoid or obovoid, 2-3.5 by 1.75 cm, slightly puberulous and glabrescent. Seeds 
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black, ovoid, 10 by 5 mm long. The trees occur in secondary and primary tropical 
forest, sometimes in swamp, from lowland to up land. 
Aquilaria cumingiana (Decne) Ridl 
Srub or small tree up to 5 m tall. Bark ash grey, mottled and smooth. Leaves elliptic-
oblong or ovate-oblong, rarely obovate-oblong, 14-18 by 5.5-8.5 cm. Inflorescences 
simple or sometimes branched, few to many flowered. Flowers is whitish, 13-16 mm 
long. Fruits globose, slightly obovoid, or ellipsoid, 1.75 by 1.30 cm. Seeds broad-
ovoid, pIano-convex, 1 by 0.75 cm. The tree occurs in primary tropical forest at low 
and medium altitude. 
1.4.3. Aquilaria and Gaharu 
In natural populations the trees of Aquilaria spp. are infected by fungal pathogens 
only at certain ages (Ng et al., 1997). Sadgopal (1960) indicated that the best gaharu 
yields are obtained from trees aged 50 or above. Approximately 10% of Aquilaria 
spp. in the forest produce oleoresins which appears as decay wood in the infected 
trees (Gibson, 1977). 
The investigation of gaharu formation was first initiated by Bose in 1926 (Ng et al., 
1997). Research conducted so far has focused on three main areas: (i) fungal infection, 
(ii) effect of wounding and (iii) non-pathological infection. Several researchers have 
claimed success in isolating various fungi from Aquilaria spp. such as Fusarium 
oxysporus, F. bulbigenium and F. laseritium (Santoso, 1996) and Cytosphaera 
mangfera (Jalaluddin, 1977). Very little is known concerning the life-cycle of these 
fungi, the dynamic of infection, or the nature of the phytochemical response that 
produces the gaharu. Some studies have considered that wounding has the primary 
effect on gaharu formation with fungal infection as a secondary influence (Rahman 
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and Basak, 1980; Gibson, 1977; Das, 1963). The non-pathological hypothesis 
suggests that gaharu formation is a defensive response of tree towards physical 
wounding, however this remains largely untested (Nobuchi and Siripatanadilok, 
1991). 
The research on fungus inoculation and efforts at plantation cultivation of Aquilaria 
are in progress in many countries. India, Malaysia, Thailand and Indonesia are 
countries, among others, which are actively studying gaharu (Ng et al., 1997; 
Chakrabarty et al., 1994). As the results may take some time to become available 
extraction of the wood is still largely restricted to natural forest. General observation 
on species distribution in Indonesia have been made (Sidiyasa, 1986; Ding Hou, 1960; 
Burkill, 1935). However studies on population structure and distribution, reproductive 
biology and regeneration characteristics in relation to the current harvest and 
sustainable use of the species have not been undertaken. 
1.4.4. Gaharu Exporting Countries 
Countries which export gaharu are Indonesia, Malaysia, Thailand, Cambodia, 
Vietnam, Myanmar, India, Laos, and Singapore. The importing countries are Saudi 
Arabia, United Arab Emirate, Taiwan, Singapore, Hong Kong and Japan 
(Departemen Perdagangan Indonesia, 1995). The three biggest exporting countries in 
1993 were Indonesia followed by Malaysia and Thailand (Table 1.4). The annual 
export mass from Indonesia for the last 15 years is between 10 to 230 tons (Figure 
1.4). 
At the national level, compared to timber, the contribution value of gaharu to the 
national economy is not significant (Ministry of Forestry/FAO, 1990). The product 
has not even been listed in the Indonesian minor forest products (Menon, 1989). 
However, in reality, the economic potential of this product has substantial value to the 
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livelihood of a very large number of local people in the major islands of Indonesia in 
particular Sumatra, Kalimantan, Maluku and Irian Jaya (Departemen Perdagangan, 
1995; Wiriadinata, 1995; Departemen Kehutanan, 1995; Sidiyasa and Suharti, 1987). 
Table 1.3. The exporting and importing countries of gaharu in 1993 
Importing 	Exporting countries and their share to the world gaharu 
market (%) 
Countries 	Ind Mal Thai Cam Viet India Mya Laos Sing 
b 
SaudiArabia 1 38.5 16.5 15.8 0.0 0.0 7.3 0.0 0.0 19.4 
UAE 36.4 13.5 19.8 2.5 1.9 8.5 0.0 0.0 17.4 
Singapore 175.0 4.0 0.0 7.0 8.0 0.0 2.0 4.0 0.0 
Source: Departemen Perdagangan Indonesia (1995); Ind:Indonesia, Mal:Malaysia, 
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Figure 1.4. Export of gaharu from Indonesia between 1981-1996 (BPS, 1981-1996). 
1.4.5. Problems 
For many years, harvesting and trading of gaharu has traditionally been done by the 
local people in Kalimantan and Sumatra, who trade with visiting Chinese and Arab 
people (Burkill, 1935). Today, the country is one of the principal exporters of tropical 
timber and other forest products. The total mass of gaharu exported from Indonesia 
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over the last ten years exceeds 1,500 tonnes. However, the annual export of gaharu 
during this period has fluctuated markedly suggesting that the supply is unstable 
(Figure 1.4) (Departemen Kehutanan, 1996; Departemen Perdagangan, 1995). Such 
phenomena may also be occurring in many other gaharu range states such as Malaysia 
and India (Ng etal., 1997; Chakrabaty etal.,1994). 
The majority of gaharu exported from Indonesia is harvested from the natural forest as 
is the case in other countries. Given that the demand of gaharu is stable, or even 
increasing, the fluctuations in supply of gaharu presumably correspond to the 
occurrence of infected Aquilaria trees in forest areas. In recent years, collectors of 
gaharu routinely fell most Aquilaria trees regardless of the occurrence of gaharu 
owing to intense harvesting competition (Mac Kinnon, 1998; Momberg et al., 1997; 
WWF, 1994). As a result, the effort put into collecting gaharu has increased, while 
good quality gaharu in Sumatra and Kalimantan is becoming scarce (Hartadi, 1997). 
The devaluation of the Indonesian rupiah in 1997-98 by 300-700 percent relative to 
the US dollar has led recently to even higher prices as exports are based on dollar 
rates. With the rise in prices, many non-residents have joined local people to look for 
gaharu. Lucrative returns have led collectors to travel into the most remote and more 
pristine forests of Kalimantan. 
Because collecting gaharu in Sumatra and Kalimantan has become difficult, many 
traders from Indonesia have shifted the search for gaharu to Irian Jaya over the last 
two years (Soehartono, pers. observation). In addition, there is world wide evidence 
that many gaharu industries in India and South East Asia have suffered from lack of 
raw materials (Chakrabaty et al., 1994). 
In 1994, the Convention on the International Trade in Endangered Species of Wild 
Flora and Fauna (CITES) has listed one of Aquilaria species which produces gaharu, 
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Aquilaria malaccensis, in Appendix II of CITES (CITES, 1994). The objective was 
to regulate international trade of the species. 
The recent development of trade in gaharu owing to high commercial demand, led to 
increasing conservation concern being focused on the species of Aquilaria. For the 
species to be effectively conserved information is needed on species distribution and 
population status, impact of gaharu production and impact of the trade itself. As the 
exploitation of gaharu in nature •keeps increasing the resource may decline. 
Economically, limited resources may result in soaring prices, which stimulate the 
increase of exploitation. This pattern could intensify until the resource is completely 
diminished. 
The quantity and quality of gaharu obtained from each felling varies. Documentation 
on probability of harvesting gaharu in each felling is lacking. Under economic 
pressure this uncertainty of harvest may result in excessive felling of the tree species. 
Restriction on harvesting and trading without proper enforcement may result in illegal 
harvesting and trafficking. Trafficking with high quality gaharu in particular may not 
be too difficult as the product normally is easy to carry and appears like an ornamental 
wood. Quite often custom officers are not equipped to identify such wood. 
1.5. FOCUS OF THE RESEARCH 
Most, if not all, gaharu from Indonesia is obtained from natural forests. As mentioned 
earlier, knowledge of species distribution and population status, as well as the impact 
of harvest on the species in relation to its regeneration potential is still lacking. 
This study will first explore the distribution and population status of Aquilaria species 
in Indonesia and the associated product (gaharu) harvested and traded in and from 
Indonesia. The study will then assess the species reproductive ecology and 
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regeneration capacity, and predicts the impact of harvesting gaharu in relation to 
ecological and economical sustainability. An economic study of trade in gaharu will 
also be carried out. The study will also assess the species conservation status 
according to the IUCN categories and in relation to listing on Appendix of CITES. 
convention. 
This study was carried out between March 1996 to March 1999 of which two years 
was spent in the field. East Sumatra, West and East Kalimantan were selected as the 
field sites for assessing population density and distribution and ecological studies. A 
plantation of Aquilaria at Bogor, Kebun Raya (Botanical Garden), Bogor and a 
nursery at IPB, Darmaga, Bogor were used for phenology, reproductive biology and 
regeneration study of the species. The trade study was conducted in East Sumatra, 
West and East Kalimantan and Java. The selection of the aforementioned study areas 
were mainly made owing to the existence of trade in these region while the selections 
of study areas in Bogor were based on practical reasons. 
1.6. RESEARCH OBJECTIVES AND QUESTIONS 
The objectives of the study were to answer the following questions in relation to the 
species ofAquilaria in Indonesia: 
What is the current population density and distribution ofAquilaria? 
Are the species regenerating naturally? 
What are the factors influencing regeneration? 
What is the impact of the trade in gaharu on the populations of the species in 
natural forests? 
What is the conservation status of the species in relations to IUCN categories and 
the CITES convention? 
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6. Are the species being sustainably harvested? and Will the trade in gaharu in 
Indonesia be sustainable? 
The questions are addressed in the following five chapters. The results are then 
integrated in the final chapter, to consider how species of Aquilaria may be 
sustainably used and effectively conserved in the future (Figure 1. 5). 
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Figure 1.5. Sustainability of the gaharu trade in Indonesia; diagram to linkage between components of the project. 
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CHAPTER II 
DISTRIBUTION AND -POPULATION STATUS OF 
Aquilaria spp. IN INDONESIA 
11. 1. INTRODUCTION 
Agarwood is one of the most highly desirable forest products traded from Indonesia. 
Agarwood, gaharu or karas (depending on the region) is the trade name of fragrant wood 
originating from trees of Aquilaria spp, Gonystilus spp. and Wikstromeae spp. 
(Wiriadinata, 1995). The fragrance, which has a commercial value, is used for incense, 
perfume, traditional medicines and other ornamental products (Chakrabarty et al., 1994). 
The main tree species from which agarwood is produced are members of the genus 
Aquilaria. The genus is distributed throughout Asia from India in the west to Indonesia 
in the east and China in the north (Whitmore, 1972; Ding Hou, 1960). The genus belongs 
to the family Thymelaeaceae. Ding Hou (1960) indicated that six Aquilaria species 
occur in IndOnesia, namely A. malaccensis, A. hirta, A beccariana, A. microcarpa, A. 
cumingiana and Afihlaria. The first four species occur in Sumatra and Kalimantan while 
the fifth occurs in Maluku and the latter species occurs in both Maluku and Irian Jaya. 
Gaharu is traded worldwide in significant volume. During the last five years, the annual 
trade in gaharu from Indonesia was between 200-300 tonnes (BPS, 1986-1996). The 
annual trade of gaharu from India between 1985 to 1990 ranged from 50 tonnes to 400 
tonnes (Chakrabarty et al., 1994). It was reported that approximately 2,000 tonnes year - ' 
of gaharu is traded in Singapore (Yamada, 1995). 
As a direct result of this commercial activity, Aquilaria spp. have became the focus of 
increasing conservation concern (Ng et al., 1997; Peters, 1996; Chakrabarty et al., 1994). 
Most, if not all, gaharu being traded is collected from natural forest (Shyun, 1997; 
Momberg et al., 1997; Yamada, 1995; Chakrabarty et al., 1994; Sidiyasa and Suharti, 
1987). Because of the highly commercial trade, the population of Aquilaria spp. in the 
natural forest of gaharu producing countries such as Indonesia, India and Malaysia has 
reported is being in decline (Momberg et al., 1997; WWF, 1994; Chakrabarty et al., 
1994; La Frankie, 1994; Giano, 1992). As a consequence of such concerns and to ensure 
that commercial harvesting is not detrimental to the survival of the species, 
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A. malaccensis was listed on Appendix II of CITES (The Convention on International 
Trade in Endangered Species of Wild Flora and Fauna) in 1994 (CITES, 1994). 
Indonesia is one of the major producing countries of gaharu. Seventy percent of gaharu 
traded in Singapore originates from Indonesia and the remaining 30% are brought from 
other Southeast Asia countries (Yamada, 1995). The Indonesian products are collected 
from five main regions namely Sumatra, Kalimantan, Nusa Tenggara, Maluku and Irian 
Jaya (PHPA, 1996). 
In order for CITES listing to be effective and to sustain the current trade of gaharu from 
Indonesia while ensuring that the species is adequately conserved, information is required 
on the status and distribution of the species currently being used as a sources of gaharu. 
Although information on broad pattern of distribution of Aquilaria is available (Ding 
Hou, 1960), these data are imprecise and urgently need to be updated. Data on population 
size is available for very limited and localized areas in Bengkulu, Sumatra (Roemantyo, 
1992; Misran, 1987) and South Kalimantan (Sidiyasa et al., 1986). Without such 
information, setting of quotas for volumes of gaharu traded legally under CITES can only 
be based on broad estimations and runs the risk of negatively affecting the conservation 
status of the species. 
There are many studies which have assessed of species density and distribution in forest 
areas (for cluster—sampling technique see Tokola and Shresta, 1999; for remote sensing 
technique see Wulder, 1998; He et al., 1998; Salvador and Pon, 1998; for stratified 
sampling see Chojnacky, 1998; Sott, 1998). Cluster-sampling or multistage sampling is 
relatively straightforward, provided every primary sampling unit contains the same 
number of elements. However, in most ecological situations an unequal size of primary 
sampling traits is necessary and as a result sampling is more complex (Tokola and 
Shresta, 1999; Krebs, 1977). 
Remote sensing techniques are appropriate for inventory and monitoring forest 
plantations or forest in temperate areas where the number of species is not complex. 
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However, this method has disadvantages for assessing species abundance in tropical 
forest in are tree species are numerous, particularly when the system is not accompanied 
by accurate field verification (Salvador and Pon, 1998; Sachs et al., 1998). Statistically, 
the most convenient sampling system for inventory is random sampling. However, this 
method is difficult to apply in the field (Scott, 1998; NFl, 1996; Cochran, 1977; Krebs, 
1977). One of the most powerful sampling designs is stratified random sampling. This 
may provide a precise estimate of the parameters of the whole population, but it also 
very difficult to apply in tropical forest (NFl, 1989). Ecologists often use systematic 
sampling for reasons such as simplicity of application in the field and the intention to 
sample evenly across a whole habitat. The drawback of this method is the possible 
existence of periodic variation in the system under analysis (Cochran, 1977; Krebs, 
1977). 
The National Forest Inventory (NFl), Indonesia which was established in 1989 also used 
systematic sampling for establishing their permanent plots in the forest of Indonesia. The 
idea for using this method was also mainly for practical reasons owing to the large 
number of permanent plots required throughout the Indonesian forest. (NFl, 1996). 
The aims of the study were therefore to define the current status and distribution of 
Aquilaria spp. in Indonesia, to provide a basis for estimating current stocks and thereby 
to evaluate the impact of gaharu trade on the conservation status of the species. This was 
achieved by reference to data provided by the NFl in Indonesia, supplemented by data 
collected from herbaria, gaharu traders and from field assessments at two locations in 
Kalimantan. These data were used to assess the conservation status of the species by 
reference to the IUCN Red Data List Criteria and the factors influencing variations in 
population density were analyzed. 
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11.2. MATERIALS AND METHODS 
II. 2.1. National Forest Inventory (NFl) 
The NFl, initiated in 1989 by the Ministry of Forestry of Indonesia in cooperation with 
FAO/UNDP, has set up 2,735 permanent cluster plots throughout Indonesia excluding 
Java. Each NFl cluster consists of 9 plots of 1 OOx 100 m, with one of the plots located in 
the center of the cluster, surrounded by the other eight arranged as a square. The distance 
between neighboring plots within the cluster was 500 m. The NFl clusters are distributed 
systematically over the forest areas of Indonesia in a grid of 20x20 km (NFl, 1996) which 
in total covers 14, 615 ha of the 114 million ha of the entire nation's forests (Figure 2.1). 
Starting in 1993, a vegetation inventory was carried out by the Ministry of Forestry in 
each plot of the NFl clusters, with an interval of four years between surveys. The 
collected information is stored in NF1's database office in Jakarta. This database is used 
as a baseline of forest cover and composition in Indonesia to provide a basis for national 
forest management planning. 
II. 2. 2. NFl Data Field Validation 
To validate the NFl data, field observations were carried in five NFl clusters in East 
Kalimantan in December 1996. The limited number of NFl field samples was owing to 
limited cost. This area was selected because most (74.2 1%) NFl clusters containing 
Aquilaria spp. in Kalimantan were located in East Kalimantan (Figure 2.2). 
Seven simple variables were identified to examine the quality of NFl data. These 
variables include (1) accuracy of NFl cluster field position, (2) NFl field cluster 
information, (3) labels for each tree species within the plot, (4) accuracy of species 
identification, (5) basic access to the NFl clusters, (6) the number of identified specimens 
of Aquilaria spp. within the cluster and (7) habitat types. Species identification refers 
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only to Aquilaria spp. NFl record book was used to verify the tree species and their 
position within each cluster. 
The NFl local officers helped to locate the NFl cluster positions. A geographic 
Positioning System (GPS, Magellan 2,000 XL; the GPS Store, Ocean Beach, NC 28469, 
USA) with an accuracy to the nearest ± 50 in was used to verify the cluster position. 
The quality of field cluster information was classified into high accuracy, moderate, low 
and "not provided" for no evidence of information. Coding was assigned to each 
classification (high accuracy =3, moderate=2, low=l and not provided=0; Table 2.1). 
11.2.3. Species Distribution 
Three sources of information were used to assess the distribution of Aquilaria spp. in 
Indonesia. The first was the NFl database (see above). In addition the major traders of 
gaharu in Indonesia were consulted and herbarium information was collected. 
The assessment of the NFl database was carried out in July to September 1996. The NFl 
Clusters containing Aquilaria spp. over the entire national forest was plotted on to a map 
of Indonesia at a scale of 1: 20,000,000. 
Information was collected from gaharu traders who are well acquainted with the sources 
of the species throughout Indonesia. The traders were asked where the gaharu being 
traded was harvested from. As gaharu was collected from the trees of Aquilaria spp., this 
information was used to infer the distribution of Aquilaria spp. The selected traders were 
from Jakarta (n=9), Surabaya (n=3), Pontianak (n=2), Banjarbaru (n=1), Samarinda 
(n=2), Tarakan and the surrounding area (n=7) and Pekanbaru (n=2). The data were 
collected in 1997 by direct interviews. The gathered information was plotted on to the 
distribution map. 
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Herbarium information was gathered from Herbarium Bogoriensis, Bogor (n=14), Royal 
Botanical Garden, Edinburgh (n=9), Royal Botanical Garden, Kew in London (n=3) and 
British Museum of National History (n=3). Data collections were undertaken between 
April 1996 to June 1998. The herbarium information included samples collected between 
the years 1929 to 1995. This information was used also mapped on to the aforementioned 
map. 
11.2.4. Population Status 
This study used two sources of information to assess the population status of Aquilaria 
spp., i.e. the density and age-structure of individuals within the known ranges of 
occurrence. The first source was the NFl database and the second was taken from the 
field surveys of Aquilaria spp. in Kalimantan. 
Data on population structure and density of Aquilaria spp. in Indonesia were taken from 
the NFl clusters containing such species distributed over the country. In addition to the 
NFl database, two field studies were carried out in Kalimantan to assess the population 
structure and density of the species of Aquilaria spp. The first field study took place in 
West Kalimantan at Desa Sebadu-Buluh Kecamatan Mandor. The second field study was 
conducted in East Kalimantan at Mentoko Research station of the Kutai National Park. 
The site in West Kalimantan was a lowland area, between 50-80 in a.s.l. of ± 60 ha 
dominated by secondary mixed forest and rubber plantation. The area is located at 
approximately 0 0 23' N and 1080 45' E. This area was proposed as study area by local 
forestry officers in West Kalimantan owing to the occurrence of Aquilaria spp (Figure 
2.3) 
The second area was a lowland primary forest, ± 50 in a.s.l. of ± 200 ha which 
dominated by mixed Dipterocarps. This area is located at approximately 1 0 20' N and 
1180 15' E. Prior to the study, the area was lightly burnt by forest fire in 1983 and 1988. 
34 
The area was selected mainly because of its location in the park research zone, which 
may be useful for long-term observations (Figure 2.3). 
A systematic line sampling method with a 100 m interval was employed to locate the 
individuals of Aquilaria spp. in the two field sites. An area of 35 m radius was 
established at each point of the line transect. A. species inventory with a particular focus 
on Aquilaria spp. was undertaken in each aforementioned area. Dbh and canopy height 
of individual trees of Aquilaria spp. were measured using tape meter. The number of 
seedlings (<1.0 m height) and saplings (1.0-3.0 m height) was also recorded. 
II. 2.5. Species Identification 
Any specimen (leaf and fruit, if any) collected from the field or the traders of gaharu was 
identified in Herbarium Bogoriensis, Bogor of the Institute for Indonesian Sciences. 
Samples from the herbarium were also used as reference material for species 
identification in the field. 
11.2.6. Rate of Deforestation 
Data on rate of deforestation in Indonesia was collected from NFl database and different 
sources. The NFl used 62 pairs of landsat images between 1972 and 1990 to assess the 
forest reduction in Indonesia. For the period of 1990-1994, the NFl assessed the regions 
which indicated the highest rate of forest conversion in Sumatra (West Sumatra, Riau, 
Bengkulu) and entire regions of Kalimantan. Furthermore, to update the deforestation 
records, the NFl used NOAA images of 1990 and 1996 to compare the forest areas of 
Sumatra and Kalimantan between the two periods. 
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11.3. DATA ANALYSES 
11.3.1. Population Density and Stand Structure 
Population density of Aquilaria spp. was calculated using the information from NFl 
clusters containing Aquilaria spp. and the field sites. NFl data were classified into 
lowland (<500 m altitude) and upland (>500 m altitude) forest areas. Population density 
of trees within NFl plots and its standard error is calculated based on those clusters 
containing Aquilaria and based on all clusters for each region included in the NFl 
inventory. The mean and standard error was calculated using stratified random sampling 
system. The procedure for the calculation follows Krebs (1977) and Cochran (1977). 
An Index of dispersion was calculated using standardized Morisita index of dispersion 
(Ip) with 95% confidence interval limits. The procedure to calculate Ip follows Krebs 
(1977). 
Stand structure of Aquilaria spp. was computed based on NFl data sets containing 
Aquilaria spp. only and data from the field sites. Juveniles were divided into seedlings 
(<1.0 m height) and saplings (1.0-3.0 m height). Trees were divided into younger trees 
(dbh 5-10 cm) and mature trees (dbh> 10 cm). 
11.3.2. Probability Distribution 
Information on population density of Aquilaria spp. taken from NFl clusters was 
analyzed to derive the fitted probability distribution. Procedures for calculating 
probability distributions followed Law and Kelton (1991) and Krebs (1977). 
Probability (model) distributions were analyzed for both data sources (Sumatra and 
Kalimantan) separately and Kolmogorov-Smirnov goodness of fit test and Chi-square 
goodness of fit were used to test the distributions (Steel and Torrie, 1980; Krebs, 1977). 
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11.3.3. Factors Influencing Variation in Density ofAquilaria spp. 
Principle component analysis (pca) with covariance matrices was used to examine the 
relationship between environmental variables within the NFl clusters and population 
density of Aquilaria spp. Four variables were selected from the NFl clusters containing 
Aquilaria spp. namely altitude (m), rainfall (mm), slope (%) and number of species of 
tree (dbh >5 cm) per cluster. These variables were assessed during the NFl field survey. 
To avoid biases, other variables measured by nominal scales such as soil and forest types 
were not included. A t-test analysis was run prior to undertaking pca analysis to assess 
whether there was a significant different of mean distribution between the populations of 
Sumatra and Kalimantan. To reduce the differences in scales among the four variables 
each value was standardized (Jollife, 1986; Krebs, 1977). The standard procedure for 
pca is described in Jollife (1986). Minitab version 11 program was used to run the pca. 
11.3.4. Conservation Status 
The degree of threat faced by the species was assessed using the IUCN Red List Criteria 
(1994) and the guidelines for the application of the criteria developed by Jenkins (1997). 
11.4. RESULTS 
II. 4.1. Quality of the NFl Data 
In the five NFl field samples, the cluster information and the identification tags which are 
supposed to be present in each plot, were not present in any of the visited cluster plots. 
For the other variables, mean data quality varied between 1.2 (access information) to 2.6 
(species measurement). The location of each plot was difficult to verify precisely because 
of their position under dense tropical forest. The GPS was not always able to get an 
accurate fix in such conditions. 
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None of the identified trees within the NFl cluster were labeled according to their 
taxonomic group or common name, making it very difficult and time consuming to re-
locate the trees in the field. The only guidance to the tree identification and their position 
within the cluster was the NFl record book of each cluster. Because of these difficulties, 
no taxonomic investigations of species other than Aquilaria spp. were undertaken. For 
this reason it was very difficult to determine the general quality of NFl species 
identification. The mean data quality for assessment of identification of Aquilaria was 
1.6 (Table 2.2). 
11.4.2. Species Distribution and Identification 
Of the 695 NFl clusters in Sumatra, 30 were thought to contain Aquilaria spp. and of 
1,025 clusters in Kalimantan, 98 were registered in the NFl database as containing the 
species. One of the clusters in Maluku were listed as containing Aquilaria spp. and only 
two clusters in Irian Jaya contained the species. 
Most of the clusters containing Aquilaria spp. located in Sumatra are centralized in the 
central and southern part of the island. On the other hand, of the 98 clusters containing 
Aquilaria spp in Kalimantan, only one cluster was located in West Kalimantan and two 
clusters were located in South Kalimantan. The remaining clusters are located in the 
eastern part of the Kalimantan (Table 2.3 and Figure 2.4). 
None of Aquilaria spp. located in the NFl clusters had been taxonomically identified to 
species level. Likewise, most other species in the NFl database were only referred to at 
the genus level. 
With respect to herbarium collections, one specimen of A. cumingiana was recorded from 
Maluku in 1960, two specimens of A. hirta were recorded from Riau (1973) and Batam 
island (1980). One specimen of A. malaccensis was recorded from Bangka island (1965), 
one was collected from Sibolangit, North Sumatra (1927) and three specimens were 
collected from East Kalimantan (1954 and 1990). Four specimens of A. microcarpa were 
collected from East Kalimantan (1934, 1954 and 1961) while three were recorded from 
Sumatra (1921, 1949 and 195 1) (Figure 2.4). 
A. hirta appears to be localized in Indonesia. This species was recorded in East Sumatra 
and the islands nearby such as the Riau archipelago. A. beccariana, A. malaccensis and 
A. microcarpa occur throughout Sumatra and Kalimantan (Sidiyasa and Suharti, 1987; 
Ding Hou, 1960; Burkill, 1935). 
A. cumingiana was recorded in a particular island in Maluku, Morotai and Halmahera. 
Although the trade of gaharu is occurring from this region recent herbarium collections of 
this species were not available. A. fl/aria seems to occur in Maluku and throughout Irian 
Jaya (Ding Hou, 1960). No information was available on population status of the two 
species. 
Most of the traders only know the products (gaharu) and locations where gaharu was 
collected, rather than the source tree species themselves. One of the gaharu traders in 
Sumatra contributed to the species identification, the specimen was collected from a 
plantation. In addition, one trader who works with gaharu in East Kalimantan and one in 
Irian Jaya collected specimens for this study. The specimens were identified as A 
microcarpa (Riau, East Sumatra), A. beccariana (East Kalimantan) and A. filaria (Irian 
Jaya). 
Most specimens located in the field study of West and East Kalimantan were identified as 
A. malaccensis and A. microcarpa respectively. Some of the specimens in East 
Kalimantan were identified as A. beccariana. 
11.4.3. Estimated Species Density and Stand Structure 
The estimated density of Aquilaria spp. within the NFl clusters was extremely low and 
owing to the limited information on species identification, density referred to genus level 
(Table 2.4). There was no significant difference between density of trees of Aquilaria 
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spp. in lowland and upland Sumatra (t-test=1.98, p<0.05, df=16). In contrast a significant 
difference was recorded in density of trees of Aquilaria spp. ha' in lowland and upland 
Kalimantan (t-test=3. 12, p<0.05, df=33), a higher density being recorded in the upland 
(Table 2.4). 
Likewise, significant differences were recorded between the density of trees of Aquilaria 
spp. ha 1  in lowland Sumatra and lowland Kalimantan (t-test=3.33, p<0.05, df=37). A 
similar situation was recorded for upland Sumatra and upland Kalimantan (t-test=3.64, 
p<0.05, df=12). In general, density of Aquilaria spp. in Kalimantan was significantly 
higher than in Sumatra. 
The total stock of Aquilaria spp. in lowland and upland Sumatra and Kalimantan was 
estimated (Table 2.6). High standard errors were associated with these estimates owing to 
large variation in mean density of the trees among the clusters. The calculation excluded 
wetland and agricultural areas in which some individuals of the species may conceivably 
occur. 
Density of trees of Aquilaria spp. in the two study areas was also low (Table 2.5). A. 
malaccensis sites in West Kalimantan were located randomly in the dry lowland of 
undulating or hilly slope area of mixed secondary forest with rubber plantation. Some of 
the A. microcarpa individuals in East Kalimantan were located in a lowland area near a 
creek while others were found in the hill slope. No significant difference between 
density of trees of A. malaccensis in West Kalimantan and density of trees of A. 
microcarpa in East Kalimanan (t-test = 0.99, p<0.05, df=258 ) was recorded. 
When data from all the NFl clusters were pooled, the total numbers of seedlings and 
saplings of Aquilaria spp. in lowland areas of both Sumatra and Kalimantan were higher 
than in upland areas of the two islands (Figure 2.5a-d). There was no consistent pattern 
in population structure of non-juveniles with two areas (upland Sumatra and lowland 
Kalimantan, Figure 2.5b-c) displaying a reverse —J structure, but no clear pattern in the 
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other two areas. There was markedly lower number of individuals> 30 cm dbh in upland 
Sumatra compared to others areas. 
At the field sites, the number of seedlings of Aquilaria spp. in West Kalimantan were 
higher than in East Kalimantan. On the contrary, the number of saplings of this species in 
West Kalimantan were far lower than in East Kalimantan. In contrast to the pooled NFl 
data in lowland Kalimantan, the number of individual trees of 5-10 cm dbh recorded in 
either site of West or East Kalimantan were very low and no individual trees of 10-20 cm 
dbh were recorded in East Kalimantan. In general, the numbers of trees (>20 cm dbh) of 
this species were higher in West Kalimantan than in East Kalimantan (Figure 2.5e-f). 
II. 4.4. Indices of Dispersion (Ip) 
Based on Morisita's index of dispersion, the Ip of tree population of Aquilaria spp. in 
lowland and upland Sumatra is equal to 0.57 and 0.94 respectively. The same index of 
dispersion for populations of Aquilaria spp. in lowland and upland Kalimantan were 0.5 
and 0.58 correspondingly. These values indicate that the spatial distribution pattern of 
population of Aquilaria spp. in Sumatra and Kalimantan is clumped. 
II. 4.5. Fitted Probability Distribution 
Based on NFl data, the fitted distribution of density of individuals of Aquilaria spp. in 
lowland and upland Sumatra followed a geometric distribution with p= 0.66 and p=0.73 
respectively (Kolmogorov-Smirnov test=0. 11, p<0.05=1 .0 for lowland and Kolmogorov-
Smimov test = 0. 19, p<0.05= 1.0 for upland) (Figure 2.6a). 
Similarly the fitted distribution of density of individuals of Aquilaria spp. in lowland 
Kalimantan follows a geometric distribution with p= 0.50 (Kolmogorov-Smirnov test 
=0.09, p<0.05=0.93). On the other hand, the fitted distribution of density of individuals of 
Aquilaria spp. in upland Kalimantan follows a Poisson distribution with X = 1.17 
(Kolmogorov-Smimov test =0.02, p<0.05=1) (Figure 2.6b). 
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The density of individuals of Aquilaria spp. in West and East Kalimantan field sites both 
follow a geometric distribution with p= 0.76 and p  =0.88 respectively (Kolmogorov-
Smirnov test =0.03, p<0.05=0.97 for West Kalimantan and Kolmogorov-Smirnov test= 
0.01, p<0.05=0.99 for East Kalimantan) (Figure 2.6c). 
Based on the above fitted distributions, the probability of locating individual trees of 
Aquilaria spp. in lowland and upland Sumatra and Kalimantan was generally low 
particularly in the case of the former (Figure 2.7a-b). The probability of locating 
individual trees in the field sites in West and East Kalimantan were even lower (p<0.3 for 
encountering one or more individuals ofAquilaria in 1 ha, Figure 2.7c). 
11.4.6. Relationship Between Environmental Variables and Density ofAquilaria spp 
Based on the NFl data, no significant difference was recorded between the mean density 
of Aquilaria in Sumatra and Kalimantan (t-test=2.67, p<0.05, for df=126). The mean 
rainfall in lowland Sumatra was recorded as being the same as in lowland Kalimantan. In 
contrast, the mean rainfall in upland Sumatra was higher than in upland Kalimantan. 
Species diversity in Sumatra was generally slightly higher than in Kalimantan (Table 
2.7). Based on 95% confidence interval, the density of Aquilaria spp. was significantly 
correlated with altitude. A small negative correlation was recorded between density and 
rainfall and with species diversity, suggesting that the species is more abundant in drier 
areas that appear to be characterized by fewer species overall (Table 2.8). 
The cumulative proportion of second components accounts for 89% of overall variation 
(see Table 2.9 for variances and coefficients of the two PCs). It appears that in the first 
and second PC, altitude and slope have high loading factors. These factors seem to have 
a major influence on species density in Sumatra and Kalimantan. The second PC 
indicates a higher score for density of Aquilaria in upland Sumatra, particularly in upland 
Kalimantan, compared to those in the lowland of the two islands (Figure 2.8). 
42 
11.4.7. Rate of Deforestation 
Based on the landsat images, the NFl estimated the rate of deforestation between 1972-
1990 for Sumatra was 1.07% yeai'; Kalimantan was 0.45% yeai'; Sulawesi was 0.59% 
year-1 ; Maluku was 0.39 year -1 and Irian Jaya was 0.39 year - . The overall deforestation 
rate for Indonesia for this period was 0.678% year 
Based on the NOAA images, the NFl estimated that deforestation rate in Sumatra and 
Kalimantan between 1990 and 1996 was 13.74% (2.49% year') and 7.93% (1.41% 
year- ) consecutively (DJ. INTAG, 1997). In addition, the updated analysis estimated 
that annual deforestation rate in three regions in Sumatra (West Sumatra, Riau and Riau) 
and entire Kalimantan between 1990 to 1996 was 0.98% year - ' and 1.7% year- 1 . 
Other sources estimated the rate of deforestation in Indonesia for the same period ranged 
between 0.5% to 1.0 year- '. Grainger (1993) estimated that the annual rates of 
deforestation in Indonesia between 1976-1980 was 0.5% year- '. Whitmore and Sayer, 
(1994) estimated that the rate of deforestation between 1981-1985 was 0.5% year- '. WRJ 
(1990) estimated that annual deforestation in Indonesia between 1981-1990 was 0.8% 
yeaf', while FAO (1993) estimated the annual deforestation in Indonesia between 1981 - 
1990 was 0.8 % yeaf'. 
11.4.8. Conservation Status 
Based on the trade data of gaharu in Sumatra and Kalimantan between 1986-1996 (see 
Chapter V), it is estimated that there were a reduction of at least 20% of mature Aquilaria 
trees, which involved A. hirta, A. beccariana, A. malaccensis and A. microcarpa in the 
two islands. For these reasons, the four species qualify for listing in vulnerable to 
extinction (IUCN criteria Ala). 
Based on the landsat scenes and the NOAA images, the NFl observed that in the last ten 
years, forest decline in Sumatra was almost 20%. Although according to landsat images 
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of 1990-1996, forest loss in the three regions of Sumatra (West Sumatra, Riau and 
Bengkulu), where the three Aquilaria species (A. hirta, A. malaccensis and A. 
microcarpa) occur, was lower (5.88%) than the former, the overall forest decline in 
Sumatra between 1972 to 1996 was more than 20%. 
Assuming that the decline of the Aquilaria habitat was equal to the rate of overall forest 
decline in Sumatra the three Aquilaria species in this island qualify to be listed as 
vulnerable (IUCN criteria Al c or B 1,2). In addition, based on the probability of locating 
one individual tree of Aquilaria (dbh >10 cm), particularly A. malaccensis and A. 
microcarpa, in ha" in the wild in either Sumatra and Kalimantan, these mature trees in 
the wild are very rare (p:! ~0.3 for lowland and upland Sumatra and Kalimantan, see Figure 
2.7a-c). For these reasons, it is appropriate to classify the four Aquilaria species of 
Sumatra and Kalimantan (A. beccariana, A. hirta, A. malaccensis and A. microcarpa) as 
vulnerable to extinction (IUCN criteria Al c or B 1,2). However, there were not enough 
data to assess the population decline of A. cumingiana and A. filaria. 
Based on area of distribution, as mentioned elsewhere (Chapter I), A. hirta is localized in 
Riau and its surrounding areas such as Batam and Riau archipelago, while A. cumingiana 
occurs in Maluku (Halmahera and Morotai). None of the NFl clusters containing 
Aquilaria were located in Riau and Batam. The latest herbarium collection for A. hirta 
was recorded in Batam island in 1980. For the case of A. cumingiana, only one NFl 
cluster containing Aquilaria is located in Halmahera. No NFl cluster with Aquilaria was 
recorded in the island of Morotai. Considering that the distribution ranges of both 
species are limited to the above areas, based on the evidence of NFl cluster and herbaria, 
the extent of occurrence (EO) of the two species are estimated less than 20, 000 km  
therefore the two species are qualified for the inclusion of vulnerable species under IUCN 
criteria B 1 ,2a,b,c. There was no strong evidence to predict the OE of A. filaria in Irian 
Jaya. More data are required to assess the conservation status of the species. 
The NFl analysis indicates that the standing stock of mature Aquilaria species (dbh >10 
cm) occurs in Sumatra and Kalimantan, which includes A. beccariana, A. hirta, 
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A. malaccensis and A. microcarpa, numbers more than 10,000 individuals. Given that 
prediction was not based on the species level, it is difficult, if not impossible, to assess 
the standing stock of individual species. However, based on the trade data between 1991-
1996 (BPS, 1986-1996, see Chapter V), populations of mature A malaccenis, A. 
microcarpa and A. beccariana in Sumatra and Kalimantan are estimated more than 
10,000 individuals. 
With respect to probability of extinction in the wild, in sufficient data is accountable for 
any of the six species to estimate the rate of extinction. The limitation is partly due to the 
lack of knowledge of the life span of individuals of species (Table 2.10). 
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Table 2. 1. Criteria for scoring the NFl variables 
NFl parameters 	 Score 	Criteria 
Field position 	 3 	Geographical position of the cluster compared to the NFl record :5 50 in 
2 Geographical position of the cluster compared to the NFl record 5 0- 100 m 
1 	Geographical position of the cluster compared to the NFl record >100 m 
Cluster board 	 3 The board was provided and well maintained. The information on the board covered at least three main 
items: NFl cluster number, geographical position and cluster map 
2 	The board was provided and well maintained but the information on the board did not nresent the above 
Species identification 	3 
2 
Number of identified 	3 
specimen 
2 
Labels/tags of species 	3 
information 
2 
Landscape feature 	3 
2 
Basic access to NFl cluster 3 
2 
three items 	 - 
The board was provided but poorly maintained. The information on the board did not cover the above 
three items 
Trees within the cluster were identified correctly according to species level 
Trees within the cluster were misidentified under genus level but species misidentified 
Trees within the cluster was identified genus level but species not recorded 
Proportion of identified Aquilaria species or genus Aquilaria within the cluster precisely match the NFl 
record 
Proportion of identified Aquilaria species (or genus) within the cluster matching the NFl record is 
between 70 to less than 100% 
Proportion of identified Aquilaria species (or genus) within the cluster matching the NFl record between 
30 to less than 70%. 
Label on each tree within the cluster was provided and covered information on species name, genus and 
family 
Label on each tree within the cluster was provided and covered information on species name only 
Label for each tree within the cluster was provided and the label covers information on genus name only 
Three landscape parameters (slope- altitude- vegetation type) match the NFl record 
Only two landscape variables match the NFl record 
Only one landscape variable matches the NFl record 
Access to the NFl cluster was provided with a special track, maintained every 6 month 
Access to the NFl cluster was provided with a special track, maintained every year 
Access to the NFl cluster was poor (almost no maintenance of the track) 
Table 2.2. Field assessment of the NFl clusters (n=5) in East Kalimantan in order to 
assess NFl data quality 
Types of NFl field information 	 Assessment of data quality 
Min Max Mean 
Accuracy of Cluster field position LO 3.0 2.2±0.7 
Cluster information board 0.0 0.0 0.0±0.0 
Genus identification (Aquilaria spp.only) 1.0 3.0 1.6±0.8 
Number of identified specimens of Aquilaria spp. within the 2.0 3.0 2.2±0.7 
clusters, plots and subplots 
Labels/tags of species information 0.0 0.0 0.0±0.0 
Estimation of habitat types 1.0 3.0 2.4±0.8 
Basic access to NFl cluster 1.0 2.0 1.2±0.5 
Assessment of data quality: High accuracy = 3, moderate =2, low =1 and not provided = 
0. Mm: Minimum; Max: Maximum; Mean are means ± standard error. NFl: refers to 
National Forest Inventory. For methods of assessing data accuracy see Table 2.1 and text 
Table 2.3. Cluster distribution and number of clusters containing Aquilaria spp. in 
Sumatra and Kalimantan 
Total number of 	No of clusters 	No. of clusters containing 
Islands 	clusters/ island containing Aquilaria trees (dbh> 10cm) of 
spp. 	 Aqullarla spp. 
Sumatra 	 416 	 30( 7.21%) 	 18(4.32%) 
Kalimantan 782 98(12.53%) 35(4.47%) 
Table 2.4. Estimated density of adult trees (dbh >10 cm) of Aquilaria spp. in lowland 
and upland Sumatra and Kalimantan based on the analysis of the NFl sample plots 
Location 	 No 1 Area (ha) 	Density 	NO2 	Density 
ha' 
Lowland Sumatra 15 135 
Upland Sumatra 3 27 
Lowland Kalimantan 24 216 
0.47±0.30 253 0.03±0.03 
0.36±0.17 24 0.04±0.04 
0.83±0.73 642 0.05±0.05 
Upland Kalimantan 	11 	99 	1.17±1.09 	36 	0.27±0.24 
Densities were calculated for each 1 ha sample plot, and averaged for each cluster. 
Column 4 and 6 are means ± standard error. The mean refers to the mean density per 
hectare calculated on a cluster basis. Column 4 is based only on those clusters containing 
Aquilaria, while column 6 is based on all clusters of each region included in the NFl 
inventory. Noi: Number of cluster containing Aquilaria spp.; NO2 : Number of cluster in 
lowland and upland Sumatra and Kalimantan excluding swamp forest. 
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Table 2.5. Estimated density of seedlings/saplings and trees of Aquilaria spp. in the field 
sites in West and East Kalimantan 
Location 	 Area (ha) 	Individuals ha' 	Individuals ha' 
	
(Seedlings and saplings) 	(Trees >10 cm dbh) 
West Kaliamantan 	60 	 1.92±0.84 	 0.50±0.44 
East Kalimantan 200 3.58±0.50 0.58±0.50 
Area refers to the total area of surveyed for Aquilaria spp. Column 3 and 4 are means ± 
standard error. 
Table 2.6. Estimate of the total population of adult trees (>10 cm dbh) of Aquilaria spp. 
according to forest type in Sumatra and Kalimantan based on density estimated from NFl 
sample plots in the two islands 
Estimate of 	Estimated 	Estimated 
Location 	 forest area population size population size 
(xl000ha) (xl000) (x1000) 
Lowland Sumatra 13,934 6548.9±4180.2 418.0±418.0 
Upland Sumatra 3,348 1205.3±569.1 133.9±133.9 
Lowland Kalimantan 31,199 25895.2±22775.6 1559.9±1559.9 
Upland Kalimantan 1790 2094.3±1951.1 483.3±429.6 
Colunm 3 and 4 are means ± standard error. Population size was calculated based on 
densities estimated from only the clusters containing Aquilaria (column 3) and all 
clusters for each land class (column 4) see Table 2.4. Estimates of forest area taken from 
NFl (1996) excluding mangrove, wetland and agricultural area in lowland sites. 
Table 2.7. Mean of selected variables of the NFl clusters containing Aquilaria spp. (n=128) 
Location of NFl N 	Rainfall Altitude Slope No. of 
clusters (mm) (m) (%) species 
Lowland Sumatra 18 	2690.8±24 60.6±4 23.5±0.9 57.2±21 
Upland Sumatra 12 2834.0±31 581.2±12 90.0±1.1 62.6±27 
Lowland Kalimantan 	70 2690.0±27 	136.8±7 	21.8±0.3 	44.5±22 
Upland Kalimantan 28 2478.0±22 628.0±17 61.3±1.2 42.8±28 
N: Number of NFl clusters. No. of species: Number of species within ea  
Aquilaria. Species in column 6: Vernacular name. For methods see text. 
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Table 2.8. Correlation coefficients between observed variables within the NFl clusters containing 
Aquilaria spp. Analysis based on all NFl clusters containing Aquilaria spp.(n= 128) 
Variables 	 Rainfall 	Altitude 	Slope 	No. of 
Species 




No. of species 	 0.100 -0.058 	0.161 
Density of Aquilaria ha' 	-0.045 
	
0.168 0.082 	-0.13 5 
Bold character indicates significant correlation 	1 95 1/o interval. 
Table 2.9. First two principle components of four NFl variables which influences the 
density ofAquilaria spp. in lowland and upland Sumatra and Kalimantan 
NF1's variables 	 Component 1 	Component 2 
Rainfall 	 0.026 	 -0.033 
Altitude -0.926 0.354 
Slope 	 -0.377 	 -0.876 
No. of species 	 0.007 -0.326 
Proportion 	 0.705 	 0.185 
Cumulative percentage of variation 	0.705 0.890 
For method see text. 
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Table 2. 10. Conservation status of Aquilaria spp. based on the IUCN Red List Categories and current population status in Sumatra and 
Kalimantan 
Variable 	 A. beccariana 	A.cumingiana 	A. fl/aria 	A. hirta 	A.malaccensis 	A. microcarpa 
A Population reduction 
At least 80% over the last 10 years or three generations 
At least 50% over the last 10 years or three generations 
At least 20% over the last 10 years or three generations 
B Extent of occurrence (EO) and Area of occupancy (AO) 
EO<100 km2 orAO< 10km2 
EO<5000 km2 or AO<500 km2 
EO<20,000 km2 or AO <2,000 km2 
C Population estimate 
<250 mature individuals 
<2,500 mature individuals 
<10,000 mature individuals 
D Probability of extinction in the wild 
x 	 ? ? x x 	 x 
x ? x x x 
? ? 
x 	 ? ? x 	 x 
x ? x 	 x 
x ? x 	 x 
? ? ? ? 	 ? 
? 	 ? ? ? ? 	 ? 
x ? ? x 	 x 
<50u/o  within 10 years or 3 generations 	 ? 
<20% within 20 years or 5 generations ? 	 ? 	 ? 	 ? 	 ? 
<10% within 100 years. 	 ? 	 ? 	 ? 	 ? 
Estimated threat category VUA1c 	VUA1c or 	? 	 VUA1c or 	VUA1c or 	VUA1c or 
B2a,c B2a,c 
= Qualify; x= does not qualify; ? = insufficient data. VUA 1 c or B2a,c Vulnerable based on population reduction of at least 20% over the last 10 years due to 
decline in AO and EO or EO is estimated less than 20,000 km 2; For methods see text. 
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Figure 2.2. NFl field samples in East Kalimantan (source NFl digital map scale 1: 500,000) 
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Figure 2.3. Field study 1 in West Kalimantan and field study 2 in East Kalimantan; Sources: NFl digital map scale 1:500,000; 




Figure 2.4. Distribution ofAquilaria spp. in Indonesia (scale 1: 20, 000,000) 
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Figure 2.5a. Population structure of Aquilaria spp. in lowland Sumatra in the NFl sample 
plots (total area- 162 ha) 
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Figure 2.5b. Population structure of Aquilaria spp. in upland Sumatra in the NFl sample 
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Figure 2.5c. Population structure ofAquilaria spp. in lowland Kalimantan in the NFl 
sample plots (total area=630 ha). 
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Figure 2.5d. Population structure of Aquilaria spp. in upland Kalimantan in the NFl 
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Figure 2.5e. Population structure of Aquilaria spp. in the field sites in West Kalimantan 
(total area-6.72 ha). 
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Figure 2.5f. Population structure of Aquilaria spp. in the field sites in East Kalimantan 
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Figure 2.6a. Fitted geometric distribution of density of individuals of Aquilaria spp. in 
lowland Sumatra (left, n= 135,p= 0.66, Ks=0.1 1 p<0.05=1.0; Kolmogorov-Smirnov test) 
and upland Sumatra (right, n=27, p=0.73, Ks =0.19, p<0.05= 1.0; Kolmogorov Smimov 
test) taken from the NFl sample plots. The bars denote actual distribution; vertical lines 
denote theoretical distribution. 
Figure 2.6b. Fitted geometric distribution of density of individuals of Aquilaria spp. in 
lowland Kalimantan (left, n=2 16, p=0. 50, Ks=0.09,p<0.05=0.93; Kolmogorov-Smimov 
test) and fitted Poisson distribution of density of Aquilaria spp. in upland Kalimantan 
(right, n= 99, X =1.17, Ks= 0.02, p<0.05=1; Kolmogorov-Smirnov test) taken from the 
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Figure 2.6c. Fitted geometric distribution of density of individuals ofAquilaria spp. in 
the field sites in West Kalimantan (left,n=60, p = 0.76, Ks=0.03, p<0.05=0.97; 
Kolmogorov-Smimov test) and in the field sites in East Kalimantan (right, n=200, p 
=0.88, Ks= 0.01, p<0.05 =0.99; Kolmogorov-Smirnov test). The bars denote actual 
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Figure 2.7a. Probability of locating individuals of Aquilaria spp.(>lO cm dbh) in lowland 
Sumatra (left) and upland Sumatra (right), based on fitted geometric distribution for the 
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Figure 2.7b. Probability of locating individuals of Aquilaria spp.(> 10 cm dbh) in lowland 
Kalimantan (left) and upland Kalimantan (right), based on fitted geometric distribution (p 
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Figure 2.7c. Probability of locating individuals of Aquilaria spp.(>10 cm dbh) in the field 
sites in West Kalimantan (left) and East Kalimantan (right), based on fitted geometric 
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Figure 2.8. First two principle components of four NFl variables which influences the 
density of Aquilaria spp. in lowland and upland Sumatra and Kalimantan. 
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11.5. DISCUSSION 
The results of these observations illustrate the task in assessing the conservation status of 
a tropical tree species particularly in taxa with have a broad geographical range. In a 
recent wide-ranging assessment Oldfield et al. (1998) listed some 7,000 tree species 
which are considered threatened with extinction according to the IUCN Red List Criteria. 
However, for the majority of the species, little quantitative information on population 
status is available and in general the species are categorized on the basis of informed 
opinion of field biologists and taxonomists familiar with the species. This inevitably 
introduces a large measure of subjectivity into the process, despite the recent amendments 
to the IUCN criteria which were intended to increase the degree of objectivity in such 
decisions (Mace and Lande, 1991). 
Indonesia is perhaps somewhat exceptional among tropical countries in possessing such a 
thorough inventory of its forest resources, with a system of 2,735 permanent sample plots 
spread throughout the territory. This inventory could potentially be of high value for the 
assessment of distribution and population size in a range of threatened tree taxa. 
However, this value depends on the quality of data included in the inventory. 
11.5.1. Data Quality 
Based on the field verification, the degree of accuracy of NFl inventory, in general, was 
suggested as moderate. Genus identification was rated as the lowest at scale 1.6 (50-60% 
of the genera were correctly identified). However, the overall quality of NFl inventory 
was difficult to estimate due to the limited samples. In addition, as most identifications 
were limited to genus level it is difficult to assess the distribution status of each species. 
The poor quality of species identification is a potential error in the NFl data. The NFl 
data set may either underestimate or overestimate in the density and distribution. To 
avoid this problem it is advisable for the NFl to enhance the procedure of species 
identification i.e. each NFl specimen should have been re-identified under species level, 
while herbaria collections for each NFl cluster is recommended. 
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Important items were not available in each cluster, namely information boards and 
labels/tags with species information. Given that each cluster is located in the forest 
interior the information board at each NFl cluster is considered crucial for locating the 
cluster and for informing (people) and preventing vandalism or cutting within the cluster 
area. Labels or tags for each identified species are vital. These help to maintain the 
precise record of each identified species over the interval of observations. Without such 
records, at every re-enumeration, each tree in each NFl cluster would need to be re-
identified running the risk of taxonomic problems. 
As mentioned earlier, each NFl cluster is located in forest areas, therefore it is advisable 
for each cluster to have special access such a small track or trail. The access, which 
should be maintained regularly, is considered important to enable efficient visits to each 
NFl cluster. 
11.5.2. Data on Species Distribution 
A number of authors in the early nineteenth century revealed that Aquilaria species 
occurred in Sumatra and Kalimantan. Miquel (1862) found that A. malaccensis occur in 
North Sumatra, Lampung and Bangka island. Boerlage (1900) indicated that A. 
microcarpa and A. beccariana occur in Kalimantan and A. secundaria occur in Maluku. 
Ridley and Hutchinson (1924) revealed that A. malaccensis occur in Bangka, Java and 
Sumatra, while Burkill (1935) indicated that A. malaccensis occur in Kalimantan. 
The study indicated that although in general the distribution of natural populations of 
Aquilaria species in Indonesia is consistent with previous studies by Ding Hou (1960), 
Burkill (1935) and Ridley and Hutchinson (1924), the current data indicated that these 
populations have contracted. The data showed that some of the places where the species 
was previously known to occur were not recognized in the NFl database as containing 
Aquilaria today. 
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There are many regions in Sumatra and Kalimantan, indicated by traders as the source of 
gaharu, which were not identified as containing Aquilaria spp. in the NFl data sets. No 
clusters contained Aquilaria spp. in Riau, East Sumatra which is known as one of the 
most significant sources of gaharu products (BPS, 1986-1996). Riau has also been 
indicated as within the geographical range of A. hirta, A. malaccensis and A. microcarpa 
(Sidiyasa and Suharti, 1987; Ding Hou,1960; Heyne, 1950; Burkill, 1935). 
In the 1980's A. malaccensis has also been registered as occurring in North Sumatra 
(Purwanto and Harahap, 1995), Bangka (Herbarium collection, Ma'roet, 1982), and West 
Sumatra (herbarium collection, Kew Botanical Garden, 1996), none of which were 
indicated as including Aquilaria spp. in NFl data sets. A similar case occurred for 
Kalimantan where only one cluster containing Aquilaria spp. was identified in West 
Kalimantan and two clusters containing the species indicated in South Kalimantan. Both 
regions are known as the main source of gaharu in Kalimantan (BPS, 1986-1996). 
With respect to East Indonesia where most gaharu has been harvested recently (PHPA, 
1996), only one of the clusters in Maluku and two clusters in Irian Jaya were shown to 
include Aquilaria species. These two regions fall within the geographical range of A. 
cumingiana (Maluku) and A. filaria (Maluku and Irian Jaya) (Ding Hou, 1960). 
Two possibilities might explain these discrepancies. The first is that the distribution of 
Aquilaria has contracted owing recent high harvesting of gaharu and habitat conversion 
in Sumatra and Kalimantan (see Chapter V). During the past ten years, many forest areas 
in Sumatra, Bangka, Belitung and West Kalimantan have been converted for other 
purposes such as agriculture, plantation estates and settlements (INTAG, 1997; 
Grainger, 1993; Revilla, 1993; Ministry of Forestry of Indonesia/FAO, 1990). These two 
activities might have contributed to the decline of Aquilaria populations in those regions. 
The second hypothesis is that the occurrence of Aquilaria species in natural forests was 
overlooked in the NFl samples. Although the inventory (NFl) was carefully designed, it 
seemed that the plan was not correctly implemented. The NFl data appeared to have 
M. 
problems in identifying the species; the NFl used (para) taxonomic techniques in 
identifying the tree specimens. There were no herbaria specimens for validating the NFl 
identification. In the case of Aquilaria, the NFl identified the specimens in the field at the 
genus level therefore it was difficult or impossible to assess the actual species distribution 
of Aquilaria (Soehartono, personal observations). In additions, given that spatial 
distributions of Aquilaria population tend to be clumped, these populations may have 
been missed simply due to a consequence of the sampling system. The use of a 
systematic sampling of which the NFl currently uses, might not always be applicable for 
assessing a distribution of the species which poses such characteristics. 
Although traders contributed valuable information on the species distribution, the main 
problem was uncertain taxonomic identity. The trade data are restricted to the commercial 
name of the wood product (gaharu), most of which is believed to be derived from trees 
of Aquilaria spp. However, some species of other genera may have been the source in 
same cases (e.g. gaharu originating from Gonystilus spp.). The trade data were also not 
accurately located geographically, usually the nearest village was stated as the source, 
which could presumably have been located some distance from the actual source. 
Herbarium data is perhaps the most reliable source of distributional information. 
Unfortunately, the number of recorded herbarium samples was very limited. The largest 
number of collections were of A. malaccensis (50%) and A. microcarpa (40%), whereas 
A. hirta and A. cumingiana were scarcely represented in the herbarium collections. Some 
of the collections were relatively old or did not record geographical positions. However, 
most of the locations of the collections were consistent with the data on distributions 
provided by Whitmore (1972), Ding Hou (1960) and Burkill (1935). None of the more 
recent herbarium collections were outside the geographical ranges indicated by these 
previous studies. Generally NFl data were also consistent with herbarium collections and 
trader information in particular with the trade data from Bengkulu, Jambi, Lampung 
(Sumatra) and East Kalimantan. 
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Given these limitation in each of the data sources, the current results must clearly be 
viewed with caution. However, together, these data provide an indication of geographical 
distribution of the species in Indonesia, which is broadly consistent with previous studies. 
Unlike alternative data sources, the NFl data sources also enable population density and 
structure to be assessed. 
11.5.3. Population density 
The predicted density of mature trees (> 10 cm dbh) of Aquilaria spp based on the NFl 
data sets for lowland and upland Sumatra and Kalimatan were generally very low (Table 
2.4), as were for the data for A. malaccensis and A. microcarpa in West and East 
Kalimantan respectively obtained in the field assessments (Table 2.5). These are 
consistent with population density of A. malaccensis recorded at Pasoh Forest Reserve, 
Malaysia; density of A. malaccensis of ~! 1 cm was 2.5 ha and density for larger trees 
(>10 cm dbh) was lees than 1 ha '(La Frankie, 1994). The figure also similar to the 
natural density reported for A. agallocha in India (Beniwal, 1989). Misran (1987) 
recorded that the density of individuals of mature Aquilaria in Northern Bengkulu was 
2.8 ha' and 0.2 for offspring, while density for similar species in Southern Bengkulu was 
2.8 ha' for mature trees and 0.6 for offspring. Furthermore, Roemantyo (1992) recorded 
that the density of A. malaccensis within a protected area in Ipuh Bengkulu, Sumatra was 
2 ha (dbh >30cm), 8 ha ' (sapling) and 11 ha 1  (seedling). In contrast, Sidiyasa et al. 
(1986) conducted an observation in 0.1 ha of lowland forest in Sungai Baru and Gn. 
Belah, South Kalimantan and reported that the density of mature trees (dbh >10 cm) was 
more than 20 individuals within 0.1 ha, while density of seedlings and saplings of A. 
malaccensis were 175 per 0.1 ha and 91 per 0.1 ha. Compared to this current studies these 
appear to be very unusual estimates. Unfortunately, there was no clear description of the 
inventory procedure. 
By comparison, the density of Shorea spp. (>20 cm dbh), a highly valuable tropical 
timber, in lowland Sumatra and Kalimantan was 4 ha ' and 5 ha 1  respectively while 
the density of rattan (>1.8 cm diameter) in lowland Sumatra and Kalimantan were each 9 
ha' (INTAG, 1996). Except for the results by Sidiyasa et al. (1986), these above figure 
suggest that Aquilaria species typically to occur at lower densities than other 
economically importance forest resources. 
Based on relationship among the NFl variables, it indicated that the species correlated 
with altitude (Table 2.8). However, this data should be interpreted with cautions as the 
harvest of gaharu might have been occurred heavily in the lowland areas hence most 
remaining species might only be located in upland areas. 
The variation in density of Aquilaria spp. recorded here was not readily explicable in 
terms of the environmental variables considered. It is conceivable that logging activities 
and ongoing forest conversion in Sumatra and Kalimantan might account for the low 
densities of Aquilaria spp. in the two regions, although anecdotal evidence suggests that 
concessionaires do not fell Aquilaria spp. as the wood is not valuable for plywood. 
However, the wood was recorded as suitable for pencil manufacture (Lopez, 1978). 
The decline in lowland forest area between 1990 to 1996 in Sumatra and Kalimantan 
along with the harvest of gaharu in the two regions (Peters,1996; Sidiyasa and Suharti, 
1987; Jessup and Peluso, 1986) might cause the decline of populations of Aquilaria spp. 
in the two areas. The lowland forest in Sumatra which have recently been progressively 
converted into agricultural land are Riau, Lampung, Jambi, Bengkulu and North Sumatra 
(INTAG, 1997). These areas were recorded by traders as the sources of gaharu, and are 
also recorded as within the distribution range ofAquilaria spp. in Sumatra. 
The 1997-1998 ENSO event (El Niño) has contributed to the lowest rainfall in Indonesia 
ever recorded (Byron and Shepherd, 1998). Despite the ongoing debate on the cause of 
fire in Sumatra and Kalimantan, the recent El Niflo greatly contributed to the severe 
forest fire in the two regions over the period 1997 and 1998 (WWF, 1997). Although the 
government of Indonesia announced that about 170,000 ha forest was burnt in the two 
regions, many NGOs estimated that, during these periods, an area up to ten times larger 
of forest was burnt (Byron and Shepherd, 1998). In addition to the impact of forest fire 
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on other wildlife (WWF, 1997), recent fires have also contributed to the decline of habitat 
ofAquilaria spp. in Sumatra and Kalimantan. The latest fire bum 61% of the mature trees 
Aquilaria spp. and destroyed 99 % of seedlings and saplings of the species in the study 
site in East Kalimantan (Chapter IV). 
The low densities recorded here may therefore indicate that species of Aquilaria are 
naturally rare, in that they occur at low frequency within the forest communities of which 
they are a part, as has been suggested previously (Ng.et al., 1997; Peters, 1996; 
Chakrabarty et al., 1994; Roemantyo, 1992). Although A. malaccensis was described as 
evenly distributed over the forest area at Pasoh Forest Reserve, Malaysia (La Frankie, 
1994), the fitted probability distribution of Aquilaria spp. in lowland and upland of 
Sumatra and Kalimantan recorded here ranged from geometric to Poisson (Figure 2.6a-c) 
indicating a certain degree of aggregation, confirmed by the calculation of Morisita's 
index. 
II. 5.4. Conservation Status 
One hundred and thirty four plants species which occur in Indonesia are on the brink of 
extinction owing to causes such as commercial exploitation, decline in quality and 
quantity of habitat and natural changes. The WCMC Tree data base (Oldfield et al., 
1998) has listed a number of commercial trees which occur in Indonesia under different 
IUCN Red List Categories (1994). These include 45 species of Shorea and 17 species of 
Hopea, all highly commercial timbers, which were listed as critically endangered. 
In the case of Aquilaria, nine species namely A. banaensae, A. beccariana, A. crasna, A. 
cumingiana, A. hirta, A. malaccensis, A. microcarpa, A. rostata and A. sinensis were 
listed as threatened under various categories ranging from data deficiency (DD) to critical 
(CR). Of the nine species, five occur in Indonesia and were listed as vulnerable (Oldfield 
etal., 1998). 
Most of, if not all, assessments made by Oldfield et al. (1998) on the status of five 
Aquilaria spp in Indonesia were based on the increase in level of trade over the past 
decade which resulted in over-exploitation (see IUCN Criteria Aid). However, the 
estimation was not made with reference to data on trade and harvest levels. The 
population density of each species was also not assessed. Qualitative information 
appeared to be the main basis of the assessment. 
Although, to some extent, qualitative assessment is acceptable (Mace and Lande, 1991; 
Todd and Burgman, 1998), quantitative data will provide a more precise analysis. In the 
absence of quantitative data, qualitative approach appears to be acceptable for assessing 
the species which are localized in a certain region or island (endemic) (Rabinowitz et al., 
1986). However, conservationists and policy makers in general require more precision 
particularly when they are involved with conservation actions that aim to optimize use of 
the limited resources. 
In contrast, this study used quantitative analysis to assess the conservation status of the 
species. The population reduction was assessed based on trade data of gaharu between 
1986-1996 and the rate of forest decline in Sumatra and Kalimantan between 1972 to 
1996. For the case of Sumatra (Bengkulu, Jambi and Riau) where known as the 
distribution range of Aquilaria species, the assessment of forest decline was updated 
using landsat data 1990-1996. In addition the probability of locating the individual 
species particularly in Sumatra and Kalimantan was also included in the assessment. The 
assessment of EO for the species was made based on the NFl cluster occurrence and 
herbaria. This study also estimated the population of mature species using the NFl data 
and field assessment. 
The fact that the results from both assessments of Aquilaria are the same, does not 
discredit the quantitative procedure for using IUCN criteria. The approach may provide 
additional support to the assessment by Oldfield et al. (1998). 
Although in general, this study has demonstrated the use of quantitative analysis in using 
IUCN criteria, it is realized that this study does not incorporated viable population 
analysis (Gilpin and, Soulé, 1986; Soulé, 1987) and other extinction factors such rate of 
felling of the tree species (Mace and Lande, 1991). However apart from these limitations 
the study has approached most of the criteria given in IUCN. 
Although the next chapter (Chapter V and VI) will assess the extent of trade in gaharu is 
contributing to the threat of the species, this investigation also highlights the difficulties 
in assessing the conservation status of broadly distributed tropical tree species, which 
may occur in inaccessible forest areas for which few data are available. Accurate 
assessments of population size are in fact lacking for the vast majority of tropical tree 
species, even for those of the highest economic value. For example, the precise 
geographical range of mahogany (Swietenia macrophylla) has been the subject of some 
debate (Snook, 1996), and for large parts of the range, no data are available on population 
density and estimation of total population size (Rodan et al., 1992). Despite the high 
degree of error recorded in this investigation, the analysis of inventory data has at least 
enabled population size to be estimated. Together with a measure of error such an 
estimate may provide a basis for assessing population trends, and in particular, for 
assessing the impact of trade in gaharu. 
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REPRODUCTIVE BIOLOGY of Aquilaria spp. 
111.1. INTRODUCTION 
For many years trees of Aquilaria spp. have been harvested from the wild for the purpose 
of collecting gaham, a highly commercial wood produced used as incense (Ng et al., 
1997; Yamada, 1995; Chakrabarty et al., 1994; Roemantyo, 1992; Beniwal, 1989; 
Sidiyasa and Suharti, 1987; Misran, 1987; Sidiyasa, 1986; Sidiyasa et al., 1986). The 
genus, which belongs to the Thymelaeaceae, consists of 15 species which occur in 
tropical forest in Asia (CIFOR, 1996; Burkill, 1966; Ding Hou, 1960). 
Six species of Aquilaria occur in Indonesia (Ding Hou, 1960) and occur in lowland and 
upland Sumatra, Kalimantan, Maluku and Irian Jaya. The species occur at relatively low 
density, and as a result of this and the effect of harvesting of gaharu, the species has been 
the focus of increasing conservation concern (Chapter II). 
Information on the taxonomy and morphology of Aquilaria spp. is available (CIFOR, 
1996; Sidiyasa and Suharti, 1987; Burkill, 1966; Ding Hou 1960). However, information 
on reproductive biology and factors influencing reproductive success of the species is still 
lacking. This information is highly important for managing species such as Aquilaria 
spp., which are currently harvested entirely from natural forests. For harvesting of 
Aquilaria spp. to be sustainable, extraction of trees in the wild -should not reduce 
populations beyond the species capability to regenerate. In the absence of knowledge of 
reproductive success the level of harvest appropriate for sustainable use of the species 
cannot readily be defined. 
Most rain forest trees reproduce mainly or exclusively by seed. When vegetative 
multiplication occurs, it is normally by means of buds on roots running more or less 
horizontally near the surface of the ground (Richards et al., 1996). Vegetative 
reproduction is more frequent in tree-like monocotyledons such as Pandanaceae 
(Whitmore, 1983). In recent years interest in the species diversity of rain forest trees has 
focused on breeding systems, yet information is only available for relatively few species 
and only tentative conclusion are possible (Richards et al., 1996; Bawa et al., 1990). 
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Bawa et al. (1990) revealed that for the past two decades studies about leafing, flowering 
and fruiting periodicity of tropical forest plants both at level of communities and of 
individual species have been conducted. This information has revealed considerable 
spatial and temporal variation in phenological patterns. Species differ with respect to 
timing, duration and frequency of flowering and fruiting; for example the type of mass 
flowering that has been observed in the South East Asia rain forest has not been noted in 
the neotropics (Bawa et al., 1990; Yap and Chan, 1990; Whitmore, 1983). For the above 
reasons, the understanding of the factors that regulate initiation, periodicity and frequency 
of flowering mostly remain obscure (Asthon et al., 1988; Ashton, 1989). 
Attempts to gather information about pollination of trees in tropical forest are still at a 
very preliminary stage. Pollination has been carefully studied only in a very small 
proportion of rain forest species (Richards et al., 1996; Whitmore, 1983). For many 
commercially important species, we have limited knowledge about the mode of 
reproductive biology such as pollination or the extent to which there is a species-specific 
relationship between pollen vector and plant species, breeding strategy, seed biology, 
seed dispersal mechanism and genetic structure (Richards et al., 1996; Bawa et a!, 1990; 
Terborgh, 1986; Chan and Appanah; 1980). The research which has been undertaken to 
date suggests that most tropical tree species are hermaphroditic, and are obligately out 
crossing, as a result of a variety of incompatibility mechanisms (Bawa et al., 1990, 
Richards etal., 1996). However, a minority of tree species exhibit dioecy or monoecy. In 
general, the majority of tropical trees have recalcitrant seed which does not exhibit 
dormancy, although some exception exist, particularly among shade-intolerant taxa 
(Whitmore 1990; Richards et al., 1996). 
The objective of this study was to evaluate the probability of reproduction occurring in 
Aquilaria spp. and to analyze the factors influencing seed production and germination. 
This was achieved by assessing each of the stages involved in seed production and 
dispersal i.e. flowering, pollination, seed production, germination and dispersal. The 
implications of these results for management of Aquilaria in cultivated populations and 
natural forests were then considered. 
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111.2. STUDY AREAS 
Most of the studies of phenology and seed production were undertaken in Kebun Raya 
Bogor and a plantation at Bogor, Java. The study in Bogor was carried out between 
August 1996 to November 1997. In addition, the studies on seed production and seed 
dispersal were undertaken in West and East Kalimantan. The observations in Kalimantan 
took place between October 1996 to April 1998. 
Kebun Raya Bogor was built in 1817 by the German botanist named Prof. Dr. C.0 
Reinwardt. The area of 87 hectares is located in the center of Bogor city (6 0 36'S and 
1060 47'E). The garden now has a collection of 3,504 tree species from all over the 
world (Kebun Raya, 1997). With regard to Aquilaria, the Garden has been planted with 
six tree collections, which consist of A. beccariana (n=2), A. hirta (n=1), A. malaccensis 
(n=1), and A. microcarpa (n=2) (Figure 3.1). 
The plantation site is located behind Baranang Siang Indah housing complex, 2 km to the 
North of Bogor city (6 0 36' S and 1060 49'E). The area of 1 ha was established as nursery 
and plantation in early 1980 and belongs to the botanist Gregory Hambali. The area has 
been planted with many different species of commercial plants such as Durian spp, 
Garcinia spp., rattan, Zalacca spp., various species of palm, ornamental plants and 
Aquilaria spp. With regard to the species of Aquilaria, the area has been planted with 67 
trees of six different species, namely: A. beccariana (n=4), A. crasna (n=9), A. filaria 
(n= 7), A. hirta (n=5), A. malaccensis (n=29) and A. microcarpa (n13). These 
plantations were not planted in a specific arrangement i. e. the distance between trees and 
species ranged between 2 m 2 to 3 m2. It was planted in complete mix of species. No 
information of soil type in the plantation was available (Figure 3.1). 
Bogor and the surrounding region is well known as a high rainfall area. Annual rainfall in 
this area generally is between 3,000 to 4,000 mm. The area has an altitude of between 
200-250 m a.s.l. Heavy rainfall occurs during rainy season between August to March. 
all, 
The West Kalimantan site is a lowland area, between 50-80 in a.s.l. of± 60 ha dominated 
by secondary mixed non Dipterocarps forest and rubber plantation. The area is located at 
approximately 00  23' N and 108° 45' E. The nearest climate station at Mandor, West 
Kalimantan indicated that annual rainfall ranges between 2,600 to 3,000 mm. This area 
was proposed as a study area by local forestry officers in West Kalimantan owing to the 
occurrence of Aquilaria spp (Figure 2.3, Chapter II). 
The East Kalimantan (Mentoko) site is a lowland primary forest, approximately 50 in 
a.s.l. of :L 200 ha dominated by mixed Dipterocarps. The area was lightly burnt by fire in 
1983 and 1988. This area is located at approximately 1 0 20' N and 1180 15 E. The 
National Park offices in Sengata, East Kalimantan indicated that annual rainfall in this 
area ranges between 2,800 to 3,400 mm. The area was selected mainly because of its 
location in the park research zone, which may be useful for long-term observations 
(Figure 2.3, Chapter II). 
The second area in East Kalimantan (Malinau) is an upland primary forest of 400-1400 
in a.s.l. ± 2, 000 ha in extent dominated by mixed Dipterocarps. This area is located at 
approximately 2 0 45' N and 116° E. Annual rainfall ranges between 2,700-3,500 mm. 
This area is known as one of the major sources of gaharu in the North East of Kalimantan 
(Figure 5.3, Chapter V). 
111.3. METHODS 
111.3.1. Species Identification 
Species identifications took place in Herbarium Bogoriensis, Bogor of the Institute for 
Indonesian Sciences in January 1997. Species were identified based on a sample of 
leaves, fruits and seeds collected from the plantation at Bogor and study areas at West 
and East Kalimantan. Specimens from the field were also donated to the herbarium. 
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111.3.2. Flowering and Fruiting 
A single flowering tree of each of A. beccariana (dbh= 10 cm), A. crasna (dbh=17.2 
cm), A. filaria (dbh= 12.3 cm), A. hirta (dbh= 6.0 cm), A. malaccensis (dbh 28.5) 
cm and A. microcarpa (dbh= 15.2 cm) at the plantation were selected for observation. 
Buds (an undeveloped condensed region of shoot consisting of a short stem terminated by 
a meristem), flowers (the reproductive unit of angiosperms), and fruits (the structure that 
develops from the ovary wall as the enclosed seed), from each selected tree were tagged 
for observation (n=30 in each cases). The longevity (days) of buds, flowers and fruits of 
each species was recorded. The period of flowering and fruiting of each species was also 
recorded. The number of flowers per inflorescence and number of inflorescences per 
floral axis was also counted 
111.3.3. Pollination 
In order to examine whether the species are autogamous, clusters of young flowers of A. 
crasna, A. filaria, A. malaccensis and A. microcarpa (n-- 1 5 in each cases) were 
covered by 15 x 1 cm white cotton cloth for about 2 weeks. The selected flowers were 
examined after the cloth was opened to observe whether there was any fruiting. 
A study of pollinator visits took place in the plantation area during the month of 
September 1997 when most of the trees of A. hirta, A. malaccensis, and A. microcarpa 
in the plantation were flowering. The study recorded insects, which visited and 
approached flowers of the observed trees at an interval of every two hours between 6 am 
until 10 pm for 20 consecutive days. Because the observed trees were located very close 
to each other and the insects traveled from one tree to another, and there was no test on 
transfer of pollen, it was difficult to specify which insects were true pollinators for a 
particular species. 
The visiting insects were trapped with sweep nets and labelled according to the time and 
place they were trapped. The insect species were identified by the Zoology Museum of 
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the Indonesian Institute for Sciences at Bogor. No observations were made in the natural 
forest owing to costs and logistical reasons. 
111.3.4. Seed Production 
The number of selected trees for the study of seed production was different for each 
species owing to the limited number of fruiting trees in the plantation, Botanical Garden 
and field sites in Kalimantan. The study, considering all sites together, selected fifty-six 
individual trees of six species in four different study sites (Table 3.1). 
As described by CIFOR (1996) and Ding Hou (1960), upon ripening, the fruit of 
Aquilaria spp. splits loculicidally in half from the apex, and the seeds hang out suspended 
on thin threads for about an hour before the threads break and the seed is dispersed. 
Because of the difficulties in trapping the seeds, seed production was inferred from the 
capsules which were trapped in the net. 
The nets consisted of a tiny mesh net of black nylon, of the same area as the canopy 
projected to the ground level, which were set up one meter above the ground to trap the 
seeds under each tree in the plantation and Botanical Garden. The traps were visited 
every day (2 hours day) for three months, for seed collection and cleaning. For trees in 
the field sites in Kalimantan, the study used five 1 x 1 m 2 nets of black nylon to trap seed 
under the canopy of the selected tree species. These traps were visited every two weeks 
for three months, for seed collection and cleaning. The total seed production of each tree 
at Kalimantan was estimated by calculating the ratio of trap area to the canopy area using 
simple formula: nt x n, where r =canopy area projection, t = trap area and n= number of 
seeds being trapped. Dbh, height and canopy areas of the observed trees were also 
measured. 
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111.3.5. Seed Germination 
Seed germination of A. beccariana, A. crasna, A. filaria, A. hirta, A. malaccensis, and 
A. microcarpa, was observed in the nursery of the plantation area. The experiment was 
carried out between March to November 1997. 
One hundred seeds of each species taken form Aquilaria plantation were planted in five 
different plastic boxes (4000 and 15 cm tall) containing river sand. To avoid attack by 
fungi and the effect of toxins, the sands were sterilized with hot water (1000  C) prior to 
deposition into the box. Temperature and humidity of the nursery area were recorded 3 
times a day (7 am; 12 noon and 3:30 pm). The number of germinating seeds of each 
species i.e. as indicated by the presence of a shoot >2 mm in length was recorded every 
day for two months. 
111.3.6. Size and Mass of Fruit and Seed 
The study observed size and mass of fruit and seed of A. beccariana, A. crasna, 
A. fihlaria, A. malaccensis and A. microcarpa. For simplicity, the fruits and seeds 
were collected from the plantation area and Botanical Garden, Bogor. The fruit size was 
measured using calipers to the nearest 0.0 1cm. The seed mass was measured by digital 
balance (AND, hf-200GD; AND Ltd Tokyo) to the nearest 0.001 g. The activity took 
place between April to November 1997. 
111.3.7. Seedling and Dispersal 
A study on seed dispersal of the species was made indirectly. The approach of this study 
was based on assessing the density and distribution of the offspring occurring around the 
parent tree. Offspring occurrence was used to infer the ability of parent trees to disperse 
their seeds (Setiadi et al., 1997). This study took place in East Kalimantan for A. 
microcarpa (March, 1997) and A. beccariana (April, 1998) and in West Kalimantan 
(April, 1997) for A. malaccensis. 
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The method follows Setiadi et al. (1997) with a few modifications. Twelve mature trees 
of each species were selected as the observed parent trees. Dbh, height and canopy areas 
of each parent tree were recorded. Canopy area was estimated by measuring the 
projected canopy area to the ground. Four line transects of 30 in to the North, South, 
West and East were established from each of the selected trees, with the tree trunk as the 
starting point of the transect. A systematic plot of 2 in radius (12.57 m2 in area) was set 
up at points at every 5 in interval along each of the transect lines. The number of 
seedlings (<0.5 in height), large seedlings (0.5-1.0 in height), saplings (>1.0-1.5 in 
height) and large saplings (>1.5-2.0 in height) in every plot within the transect line were 
counted. 
The hypothesis was that probability of seedlings recruitment will be approaching zero as 
distance from the parent trees increases (Jansen, 1970). x2  was used to test this hypothesis 
(Steel and Torrie, 1980). The study also recorded possible seed predators encountered in 
the field. Any evidence of dispersal agents such as birds, ungulates, primates and 
squirrels was recorded. 
111.4. RESULTS 
111.4.1. Species Identification 
Five different species of Aquilaria spp. were identified from the three different study 
areas. Four species of Aquilaria spp. were planted in the Botanical Garden, Bogor 
namely A. beccariana, A. hirta, A. malaccensis and A. microcarpa. The record 
book at the garden indicated that the trees of A. malaccensis and A. microcarpa were 
brought from Sumatra and planted during Dutch colonial times i.e 1939 for A. 
malaccensis and 1925 for A. microcarpa. Six species were identified in the plantation; 
A. beccariana, A. crasna, A. filaria, A. hirta, A. malaccensis and A. microcarpa. 
According to the owner of the plantation area, three species (A. crasna, A. filaria and A. 
hirta) were imported from Vietnam, Irian Jaya and Sumatra respectively. 
84 
Two species were identified in East Kalimantan. A. beccariana occurred in most of the 
upper Malinau basin and A. microcarpa was located in the Mentoko research area. 
Likewise two species were identified in the study area in West Kalimantan: A. 
malaccensis and A. microcarpa. 
111.4.2. Flowering and Fruiting. 
Although a few flowers of A. crasna were found to occur along the trunk (cauliflory), 
flowers of all six observed species occurred in the foliage. The flowers are tiny between 
5-10 mm long. The color of flower is white to yellow (A. microcarpa), green to dirty 
yellow (A. malaccensis), white to yellowish-green (A. filaria), white (A. hirta), greenish 
to yellowish (A. beccariana). These flowers contain small amount of nectar or pollen. 
Trees of A. beccariana, A. crasna, A. filaria, A. hirta, A. malaccensis and A. 
microcarpa in the plantation were fruiting six to seven years after having been planted. 
The age of these trees were estimated at between nine to ten years. No record was 
available on fruiting history for the same species in the Botanical Garden, Bogor. 
The study noted that most of the observed trees in West Kalimantan were flowering and 
fruiting in June and July 1997 but the observed trees in East Kalimantan were flowering 
in September to October 1997. The flowering and fruiting of A. beccariana, A. 
malaccensis and A. microcarpa in the Botanical Garden, Bogor occurred between 
September to December 1997. At this period none of other species located near the trees 
of Aquilaria spp. in the Botanical Garden, Bogor were flowering (Figure 3.2) 
The flowering and fruiting period in the plantation areas for A. crasna, A. malaccensis 
and A. microcarpa occurred from April to December 1997 (early dry season to the 
middle of the rainy season). A. filaria flowered and fruited all year round, whereas A. 
hirta flowered and fruited during the rainy season in January 1998. Other species in the 
plantation which flowered at almost the same time as Aquilaria spp. were Durio spp, 
Mangosteen spp. and Zallacca spp. The owner of the plantation mentioned that most, if 
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not all, mature trees of Aquilaria species in the plantation flower every year (Figure 
3.2). 
The study noted that in general it took between one to three months after the onset of 
flowering for Aquilaria spp, in the plantation to produce seeds. The longest period was 
recorded for A. malaccensis and the shortest for A. filaria (Table 3.2). The number of 
flowers per inflorescence differed among the species of Aquilaria as did the number of 
inflorescences per floral axis (Table 3.3). A. malaccensis displayed the highest 
probability of success for its inflorescence to develop into fruit while A. filaria indicated 
the lowest (Table 3.3). 
111.4.3. Pollination 
None of the covered flowers of A. JIlaria, A. malaccensis and A. microcarpa in the 
plantation produced fruits while at the same time uncovered flowers produced fruits. 
Twenty different species of insect were identified visiting the flowering trees of A. 
crasna, A. fihlaria, A. malaccensis and A. microcarpa, (Table 3.4). According the owner 
of the plantation these insects commonly occur in the area. None of the observed insects 
visited other flowering trees e.g. Durio spp. and Zalacca spp. These insects may serve as 
pollinators or may only be visitors or even predators of other insects, which visited 
flowers of the tree species. 
Of the 20 species recorded, 10 different nocturnal species of insect visited the flowering 
trees of Aquilaria spp. during nighttime between 6 pm. to 10 pm. Ten species visited the 
trees during the morning (6 am to 12 am). One species (Eupithecia sp.) although 
generally nocturnal (Ubaidillah, Museum Zoology Bogor, pers comm.) was caught 
during the daytime. These figures may indicate that the Aquilaria spp. may be pollinated 
during morning, day and night time. 
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111.4.4. Seed Production and Fruit/Seed Size 
All selected trees of A. malaccensis in the natural forest produced fruits. On the contrary, 
only four selected trees of A. microcarpa in West Kalimantan fruited and eight of 14 
selected trees of A. microcarpa in East Kalimantan produced fruits. All selected trees at 
the plantation and Botanical Garden fruited. 
The study indicated that smaller trees of A. malaccensis and A. microcarpa produced 
more seeds than larger, and presumably older, ones. At the natural forest the seed 
productions of A. malaccensis start declining at a dbh approximately 40 cm, while the 
production of fruit from trees of A. microcarpa started declining at a dbh approximately 
50 cm. There was not enough evidence to assess the pattern of seed production in the 
plantation. Trees of A. malaccensis (dbh 10-30 cm) and A. microcarpa (dbh 10-<40 cm) 
at the plantation or Botanical Garden tended to produce more seeds than those produced 
by the trees in natural forest. Trees of A. microcarpa of the same range of size class 
produced more seed compared to those produced by A. malaccensis. The estimated 
production of seeds of A. microcarpa (20-60 cm dbh) ranged between 13,264 to 19,277 
seeds per tree, whereas trees of A. malaccensis (20-60 cm dbh) produced between 3,900 
to 13,270 seeds per tree (Figure 3.3 and 3.4). In the case A. beccariana, A. crasna and A. 
filaria owing to the limited sample size, it was difficult to describe a clear relationship 
between dbh and seed production (Table 3.5). 
Fruit of Aquilaria spp. is firm-fleshed with two locules. Each fruit contains a maximum 
of two seed (one per each locule) but often only one. On ripening, the capsule splits 
loculicidally in half from the apex. Seeds hang out suspended on the thin cotton for about 
an hour before the thread breaks. Of the six observed fruits and seeds of Aquilaria spp. it 
was noticed that size and mass of fruit of A. crasna was the largest among the six 
species. Conversely, the fruit size and mass of A. microcarpa was the lowest of these 
species (Table 3.6). 
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111.4.5. Seed Germination 
The daily mean temperature in the nursery area in June to October 1997 ranged from 
23.40° C to 30.19° C while the mean daily humidity ranged from 69.45 % to 100 % . In 
these conditions the seeds of A hirta started germination at day nine while A. microcarpa 
and A. filaria started germinating at day ten after sowing, followed by A. crasna at day 
12. A. malaccensis took slightly longer to start to germinate (day 15) compared to the 
other species. The seeds of A. crasna had the highest probability of germination success 
(92 %) and A. filaria the lowest (53%) of the species (Figure 3.5). 
There was no indication of seed dormancy in any of the six species in the nursery. 
However, the study managed to locate a number of newly germinating seeds of A. 
malaccensis in two locations in the field under gaps near decaying mature trees which 
presumably had been felled at least six months prior to the visit. 
111.4.6. Seedling Demography and Seed Dispersal 
Of the selected trees of Aquilaria spp. in three different sites, it was observed that mean 
dbh sizes of A. microcarpa (East Kalimantan) were larger compared to those of A. 
malaccensis (West Kalimantan) (t-test = 3.82, p< 0.05 df=22) and A. beccariana (East 
Kalimantan) (t-test= 4.11, p<0.05 df= 22). Variance for dbh of A. microcarpa. was 
larger than those of A. malaccensis and A. beccariana indicating that the population of A. 
microcarpa in Kutai has a wide-range of size class (Table 3.7). 
Mean offspring density of A. malaccensis along the 30 in radius from the parent tree 
ranged between 0.0 to 7.0 individuals m 2 whereas mean offspring density of A. 
microcarpa varied between 0.0 to 2.8 individuals m 2 and mean offspring density of A. 
beccariana ranged between 0.00 to 0.2. individuals m 2 (Table 3.8). 
Offspring of the selected trees were not distributed evenly along the distance from the 
selected (parent ) tree  (x2 = 296.24, p<0.05 df = 5 for A. malaccensis and x2 = 85.29, 
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p< 0.05 df=5 for A. microcarpa and x2 = 112.27, p<0.05 df=5 for A. beccariana). The 
densities of the offspring declined rapidly beyond 5 m from the parent tree. 
Approximately 69.23 % of offspring A. malaccensis fell within radius 5 m from the 
parent tree. Likewise, 70.66 % of offspring A. microcarpa and 67.5% of offspring A. 
beccariana occurred within the same radius (Table 3.8 and Figure 3.6). 
The occurrence of seedlings of A. malacensis within the radius of 5 m from each parent 
tree in West Kalimantan appeared significantly higher than the number of seedlings of 
the other two species in the same radius from the parent trees (t-test = 2.34 for p<0.05, 
df=84 for A. microcarpa and t-test=3.1 8 for p<0.05, df=65). The relationship between 
distance from parent tree and offspring density was linear (y = 76 - 3.13x, s = 22.53, 
r2=0.68) for A. malaccensis in West Kalimantan and for A. microcarpa in East 
Kalimantan (y = 23.3 - 0.946x, s =7.78, r 2=0.62) (y= number of offspring and x= 
distance from parent tree). 
The study also noted that it was extremely difficult to observe the seed dispersal agents of 
the species within the study areas at West and East Kalimantan. There was also no strong 
evidence to support ungulate and birds as the dispersal agent in the study sites. However, 
it was discovered that squirrels and rats consumed fresh fruits of Aquilaria spp. in the 
Botanical Garden and plantation. 
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Table 3. 1. Number of individuals of Aquilaria spp. selected for observations of seed 
production in different locations 
Species 	N 	Location 
A. beccariana 	4 	Plantation (3) and B. Garden (1) 
A. crasna 	3 	Plantation 
A. filaria 	3 	Plantation 
A. hirta 	2 	Plantation 
A. malaccensis 	17 	W. Kalimantan (11), Plantation (5) and B Garden (1) 
A. microcarpa 	26 	W. Kalimantan (4), E. Kalimantan (14), Plantation (6) 
and B Garden (2) 
N: Number of selected trees of Aquilaria spp; B. Garden: Botanical Garden; W. Kalimantan: 
West Kalimantan; E. Kalimantan: East Kalimantan. For methods see text. 
Table 3.2. Reproductive phenology of Aquilaria spp. in a plantation at Bogor, Java. 




A. crasna 8.8 ± 5.3 4.6 ± 1.9 36.0 ± 12.7 
A. beccariana 2.1 ± 1.0 10.2 ±4.8 47.0± 4.5 
A.Jilaria 5.6±4.5 2.0± 1.2 37.0± 8.1 
A. hirta 3.7±3.1 7.8±2.4 66.2± 7.2 
A. malaccensis 4.8 ± 2.2 6.0 ± 2.0 71.6 ± 12.3 
A. microcarpa 6.0 ± 5.0 6.1 ± 4.9 39.3 ± 24.7 
For definition of reproductive stage see text. Values are means ± SE (n=30 in each case). 
Table 3.3. Mean number of flowers per inflorescence, mean number of inflorescences per floral 
axis and the probability of flowers developing into fruits in five Aquilaria spp. established in a 
plantation at Bogor, Java 
Number of 	Number of 	Number of flowers 	Probability of a 
Species 	flowers per inflorescences per 	developing into a flower developing 
inflorescence 	floral axis 	fruit per inflorescence into a fruit 
A. beccariana 9.0 ± 9.6 15.8 ±13.7 0.5 ± 1.7 0.06 
A.filaria 12.3±11.3 7.2 ±8.6 2.6±4.8 0.21 
A. hirta 7.0 ± 1.6 4.4 ± 2.6 0.3 ± 0.6 0.04 
A. malaccensis 8.5 ± 3.3 4.3 ± 9.6 3.7 ± 7.6 0.43 
A. microcarpa 8.2 ±6.7 11.0 ±4.8 1.4 ±4.2 0.17 
A. crasna: data not available. Values are means ± SE (n=30 in each case), except in the 
case of column 4. 
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Table 3.4. Insect species recorded visiting flowers of A. JIlaria , A. malaccensis and A. microcarpa in a plantation at Bogor, Java during 
observations over 20 consecutive days (9-28 July 1997) 
Name of family, genera and species 	 Observation time and relative abundance 
6-8 am 	8-10 am 	10-12 am 	12-2 pm 	2-4 pm 4-6 pm 	6-8 pm 	8-10 pm 
Lepidoptera 
Pyralidae 
Spatalistis sp. 	 + 	 - 	 - 	 - 	 - - 	 - 	 - 
Pachyzanchapallidadis Hmps  
Scoparia sp.  
fferpetogramma sp.  
5.Leechia sp. 	 - 	 - 	 - 	 - 	 - - 	 -H-f 	 - 
6.Unidentified spi. 	 - - - - - - i-i--i- - 
7.Unidentified sp2. - 	 - 	 - 	 - 	 - - 	 + 	 - 
8.Unidentified sp3. 	 - - - - - - + - 
Lymantridae 
9. Euproctis icilia Stall 	 - 	 - 	 - 	 - 	 - - 	 - 
10.Euproctis sp. 	 - - - -  
Geometridae 
I 1.Eupithecia sp. 	 - 	 - 	 + (?) 	- 	 - - 	 - 
Syntomidae 
1 2Syntomis huebneri Boisd 	 - 	 - 	 - 	 - 	 - - 	 + 	 - 
Coleoptera 
Cicindela icilia Stall 	 + 	 - 	 - 	 - 	 - - 	 - 	 - 
Hymenoptera 
Vespidae 
Polistes sagitarius Sauss 	 - 	 - 	 - 	 - 	 -H- - 	 - 	 - 
Eumenidae 
15Eumenes atrophicus F. 	 + 	 +++ 	+ 	 + 	 -H- - 	 - 	 - 
Specidae 
16. Ancistrocerus pseudodynerus D.T 	 - 
Diptera 
Bombicidae 
I 7i-Iyporalonia chrysolampis Jm 	 - 	 + 	 - 	 - 	 - - 	 - 	 - 
Syrphidae 
18.Eristalis obliqua Wild 	 - 	 - 	 - 	 - 	 + - 	 - 	 - 
Homoptera 
Flatidae 
Nephesa coromandelica Spin 	 - 	 - 	 -H-+ 	 - 	 - - 	 - 	 - 
Apidae 
Trigona sp. 	 - 
-= not recorded. Relative abundance indicated on a scale of +(present at low abundance;<10 individuals captured day'), -H- (present at moderate abundance; 10-20 individuals 
captured day '), -H-+ (abundance; > 20 individuals captured day) 
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Table 3.5. Relationship between diameter and seed production 
in A. beccariana, A. crasna and A. fl/aria in a plantation at Bogor, Java 
Species Dbh No. of seed collected 
(cm) 
A. beccariana 5.78 17 
7.00 21 
7.63 142 
A. crasna 17.2 6494 
5.5 307 





Dbh: Diameter at breast height. For methods see text. 
Table 3.6. Size of fruit and fresh mass of fruit and seed of Aquilaria spp. collected from a 
plantation at Bogor, Java 
Name of species Fruit size (cm) Fruit mass (g) Seed mass (g) 
Length Width 
A. crasna 3.75 ± 0.50 2.76 ± 0.53 4.28 ± 0.93 0.17 ± 0.10 
A. beccariana 3.39 ± 0.74 0.69 ± 0.29 0.49 ± 0.11 0.03 ± 0.01 
A.JIlaria 1.87 ± 0.30 1.40 ± 0.20 2.19 ± 0.92 0.13 ± 0.06 
A. hirta 3.17±0.22 1.12±0.13 NR NR 
A. malaccensis 2.20 ± 1.73 1.30 ± 0.28 3.17 ± 1.36 0.03 ± 0.01 
A. microcarpa 1.35±0.32 1.12±0.85 0.75±0.33 0.03±0.01 
Values are means ± SE (n=30 in each case); NR: No record. 
Table 3.7. Characteristics of sampled parent trees of A. beccariana in upper Malinau basin, A. 
malaccensis in Mandor and A. microcapa in Kutai National Park, Kalimantan 
Species 	 Dbh (cm) 	Canopy 	Tree height 
diameter(m) 	(m) 
A. beccariana 18.47± 5.07 4.03± 0.90 13.00± 3.22 
A. malaccensis 42.21± 7.53 5.83± 1.12 30.75± 3.64 
A. microcarpa 60.40±14.92 6.32± 2.55 33.08± 5.36 
Values are mean ± SE (n=30 in each case) 
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Table 3.8. Density of seedlings and saplings of A. beccariana, A. malaccensis, A. microcarpa 
recorded along transects from parent trees (n= 12 parent trees for each species) 
Distance Offspring density Probability of offspring 
(m) occurrence under parent tree (%) 
A. malaccensis A. microcarpa A. beccariana A. malaccensis. 	A. microcarpa 	A. beccariana. 
5 88.2 ± 8.2 27.3± 8.2 1.3±1.1 69.2 	70.6 	67.5 
10 35.0 ± 10.2 6.1± 3.7 0.5±0.1 27.5 15.7 27.0 
15 3.5 ± 1.7 3.9± 	1.3 0.1±0.1 2.8 	10.2 	5.4 
20 0.2 ± 0.1 0.7± 0.2 0.0±0.0 0.1 2.0 0.0 
25 0.0 ± 0.0 0.4± 0.1 0.0±0.0 0.0 	 1.1 	0.0 
30 0.3 ± 0.1 0.2± 0.1 0.0±0.0 0.2 0.4 0.0 
Each sample plot was 12.57 m2 in area; total area of sample plots for each parent tree was 301.44 
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Figure 3.1. Location of study areas for reproductive biology ofAquilaria spp., in 
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Figure 3.2. Flowering of Aquilaria spp. in natural forest, plantation and Botanical 
Garden; a: A. malaccensis and A. microcarpa in West Kalimantan; b: A. microcarpa in 
East Kalimantan; C: A. malaccensis, A. microcarpa and A. beccariana in Botanical 
Garden; d: A. crasna, A. malaccensis and A. microcarpa in plantation, Bogor; e: A. filaria 
















Figure 3.3. Scatter diagram indicating the relationship between diameter (dbh) and seed 
production of A. microcarpa, in plantation, Botanical Garden at Bogor, Java and 
individuals growing in natural forest in East Kalimantan. For methods see text. 
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Figure 3.4 Scatter diagram indicating the relationship between diameter (dbh) and seed 
production of A. malaccensis in a plantation, Botanical Garden at Bogor, Java and 
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Figure 3.5. Cumulative germination percentage of seeds ofAquilaria spp. in a nursery at 
Bogor, Java. l=A. filaria ; 2=A. microcarpa; 3=A. hirta; 4= A. malaccensis; 5= A. 
beccariana; 6=A. crasna. Number of seeds sown = 100 for each species. 
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Figure 3.6. Mean density of seedlings (0.5 m height), large seedlings (>0.5-1.0 m), saplings (>1.0-1.5 m height) and large saplings 
(>1.5-2.0 m height) of A. malaccensis (left), A. microcarpa (center) and A. beccariana (right) along the 30 m transect distance from 
the parent trees of A. malaccensis (n12) in West Kalimantan (left) and A. microcarpa (n12) in East Kalimantan (center) and A. 
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Figure 3.7. Mean of monthly precipitation (inch) in Samarinda, East Kalimantan 
between January 1994 to December 1998 (NOAA, Station observatory Samarinda). 
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111.5. DISCUSSION 
111.5.1. Flowering and Fruiting Phenology 
Flowering and fruiting phenology of plant species in the tropics generally varies in time 
and with region. Trees can be seen in flower or fruit at any time of year in the tropics, yet 
the reproduction of an individual species is normally not continuous (Swaine et al., 1997; 
Richards et al., 1996; Whitmore, 1972). The period of flowering is also irregular, and is 
correlated with seasonal variation and climatic conditions (Syamsuwida and Owens, 
1997; Bawa et al., 1990). Most tropical trees flower intermittently as they mature 
(Richards et al., 1996; Whitmore, 1993, 1972; Ashton, 1969). However, there are some 
species (most of them pioneer) which flower continuously from an early age until they 
die e.g. Adinandra dumosa (Corner, 1988 in Richards et al., 1996). No large primary 
forest trees have been recorded as continuously flowering in this way (Richards et al., 
1996). Among the intermittently flowering tree species in tropics there is a degree of 
variation in frequency, length and regularity of the flowering species. Some of the Shorea 
species in Peninsular Malaysia have been reported as flowering at an approximately four 
year interval and other similar species flowered at a less than four year interval (Yap and 
Chan, 1990). Variations of flowering also occur within species (Richards et al., 1996; 
Yap and Chan, 1990). Ashton (1982) recorded that two Dipterocarp species flower 
almost annually in Kepong arboretum (Malaysia), but in the forest the species flower at 
intervals of several years. 
Many individual trees of a particular species can flower simultaneously across a large 
area. Mass flowering, in which most individuals of one species flower at the same time, 
also occurs in the tropics e.g. Dipterocarpaceae. The period of mass flowering varies 
from place to place (Richards et al., 1996; Appanah, 1990; Whitmore, 1972). According 
to the position in which flowers occur, Ashton et al. (1977) divided the flower into two 
synusiae (those that their flower occur at the above the canopy and those that held the 
flower within the canopy). The latter is the group to which many members of the 
understorey species belong (Appanah, 1990). In addition, Appanah (1990) recognized 
two more synusiae (cauliflorous trees and shrubs and herbs which occur in forest floor). 
As flowers of the six observed Aquilaria species occur in foliage (with a few evidence 
of cauliflory in A. crasna), following these classifications, it would appear that Aquilaria 
species are typical members of the understorey trees. In natural forests, the mature trees 
of A. hirta, A beccariana and A. filaria often do not reach the top canopy as these species 
may grow up to 20 m (Ding Hou, 1960), but the mature trees of A. malaccensis and A. 
microcarpa are not understorey trees as both tree species can grow up to 40 m. Compared 
to some of Dipterocarp species (Dayanandan et al.,1990), the mean number of flowers 
per inflorescence of Aquilaria spp. appears lower (Table 3.3). 
Although there was no available documented record of flowering and fruiting of A. 
microcarpa, A. malaccensis and A. beccariana in Sumatra and Kalimantan, the 
flowering period of the species in West and East Kalimantan occurs in the middle of the 
dry season for Kalimantan and the western part of Indonesia in general. However, 
because of the El Niño Southern Oscillation in Asia during 1997 the seasonal pattern was 
slightly different. Byron and Shepherd (1998) noted that the 1997-1998 El Niño caused 
the lowest rainfall in Indonesia. The thy season was exceptionally long, occurring from 
January to October 1997 for West Kalimantan and June 1997 to April 1998 for East 
Kalimantan. The mean monthly precipitation in East Kalimantan in 1997-1998 was equal 
to 4.2 mm (Figure 3.7). Although, in general, fruiting of many tree species occurs in the 
dry season (Swaine et al., 1997), flowering and fruiting of these species may also vary 
throughout Indonesia e.g. flowering and fruiting of A. malaccensis in Botanical Garden, 
Bogor and in the plantation occurred between September to December 1997 and April to 
December 1997 respectively. The dry season of 1997 in Bogor and West Java in general 
occurred between April to September. Owing to the fairly short period of observation, it 
was difficult to assess the peak fruiting season of the species in respective regions. For 
comparison, A. agallocha in the plantation in Arunachal Pradesh in 1984 flowered at 
March and start fruiting at the middle of June (Beniwal, 1989). Yap and Chan (1990) 
recorded that Shorea spp. in Peninsular Malaysia (Ampang and Pasoh) flowered in March 
and April in 1976 but in 1983 flowering occurred in May and June at Kepong and 
Gombak. The relative flowering and fruiting longevity of six Aquilaria spp. in the 
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plantation in 1997 was between 44 days (A. filaria) to 83 days (A. malaccensis) (Table 
3.2). Beniwal (1989) recorded that flowering and fruiting of A. agallocha in Arunachal 
Pradesh, India in 1984 took between two to three months (March to middle of June). 
Despite variation in flowering period within the species, based on the investigations in 
the forest and plantation, with certain precautions, it can be predicted that Aquilaria spp. 
flowers during the middle of dry season and based on the evidence in the plantation, the 
species flowers almost every year. Further long-term observations are needed to assess 
the pattern of flowering of the species in more detail. 
111.5.2. Pollination 
Studies on pollination of tropical trees at the community level have been extensively 
undertaken in Costa Rica (Ramirez and Brito, 1992; Bawa et al., 1985). However, 
knowledge about pollination of large canopy and understory trees in tropical forest of 
Southeast Asia are still very limited (Richards et al., 1996; Kato, 1996; Bawa et al., 1990; 
Schatz, 1990). Pollination of tropical forest can involve a wide variety of animals, 
including mammals, birds and insects as pollen vectors (Swaine et al., 1997; Richards et 
al., 1996; Bawa et al.,1990; Whitmore, 1972). However, wind pollination is very 
uncommon in tropical forest (Richards etal., 1996). 
The most common pollination vector in lowland and upland tropical forest in Costa Rica 
is medium sized to large bees and small diverse insects (Kato, 1996; Kress and Beach, 
1994; Bawa et al., 1985). In the tropical forest of Asia the forest canopy is dominated by 
the Dipterocarpaceae, which are known to be pollinated by thrips (Appanah and Chan, 
1981) and honey bees (Dayanadan et al., 1990). In the understory plant communities 
long-tongued, traplining solitary bees (Kato et al., 1991) and long-billed sunbirds (Kato 
et al., 1993) are key pollinators. However, Richards et al. (1996) has emphasized the 
difficulties of assessing pollinators in tropical forest as not all the animals attracted to a 
flower necessarily serve as an effective pollinator as they may be just a visitor or 
foraging. Appanah (1990) pointed out that tree species which present their flower within 
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the canopy or trees belong to members of the understorey often have a wide array of 
unspecialized insect pollinators which are commonly found in the immediate vicinity of 
the trees. 
With respect to Aquilaria species, it appeared that A. filaria, A. malaccensis and A. 
microcarpa are not autogamus. In addition, it seems that in the plantation area (Bogor) 
there were no specific pollinators to the Aquilaria species. Despite the difficulties in 
assessing whether this group of insects was the effective pollinators or only visitors or the 
pollen forages, it appears that that this evidence support Appanah hypothesis. These 
species have a broad insect pollinators of which occur in the surrounding environment. In 
addition, because there was no information on pollination mechanism in the forest area 
the above interpretation may only apply to the plantation. 
111.5.3. Seed Production and Seed Dispersal 
Long-term studies of fruiting phenology in tropical forest have indicated that fruit 
production of tropical trees fluctuates widely in accordance with obvious seasonal 
rhythms (Swaine et al., 1997; Richards et al., 1996; Terborgh, 1986; Whitmore, 1972). 
Fruit production is also associated with the availability of pollinators (Ghazoul et al., 
1998; Richards etal., 1996; Bawa et. al., 1990; Whitmore, 1972). Three hypothesis have 
been projected with respect to fruit production (Terborgh, 1990), namely competition 
avoidance (Snow, 1966), predation satiation (Terborgh, 1990; Leighton; cited in 
Terborgh, 1990) and optimal time ripening (Gautier-Hion, 1990). 
The competition avoidance (Snow, 1966) suggests that to minimize competition among 
themselves for dispersers, sympatric species of plants that share a common pool of 
dispersers should stagger their fruiting seasons. Although the hypothesis has not been 
rigorously tested, it was rejected by Terborgh (1990) with the reasons that fruit 
production in the tropics is seasonally concentrated but the overall statistical pattern is 
non-uniform. Ding Hou (1960) indicated that several species of Aquilaria, A. 
malaccensis, A microcarpa and A. beccariana, are sympatric. This study also noted that 
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A. malaccensis and A. microcarpa occur in the similar habitat. As both latter species 
produced seed at the same period this investigation contradicts the first hypothesis. The 
predator satiation hypothesis (Terborgh, 1990; Leighton; cited in Terborgh, 1990) is 
based on the notion that trees should adjust their fruiting seasons to coincide in order to 
overwhelm the appetites of seed predators. The fact that Aquilaria species apparently 
fruit every year, this evidence contradicts the second hypothesis The third hypothesis is 
based on the optimal ripening system (Gautier-Hion, 1990) which is associated with 
climatic conditions. Dehiscent fruits tend to mature in the late dry season when 
atmospheric conditions favour desiccation of their outer walls, and that fleshy fruits more 
often mature in the main rainy season. This investigation was based in Gabon in tropical 
climate conditions. In the forests and in the plantation Aquilaria species appeared to 
flower in the middle of the dry season and fruited in early of the middle wet season. 
Although is not a final answer, it seems that this species supports the latter hypothesis. 
Not all selected trees of Aquilaria spp. in Kalimantan produced fruits during the 
observations in 1997. The number of fruit produced from the same Aquilaria species, 
with the same class size, was not the same (Figure 3.3 and 3.4). This suggested that there 
is variation of fruit production among the species within the same class size. This needs 
further investigation as this variation may also differ between years. For example fire 
occurred in most of the forest areas in Kalimantan during middle of 1997 to early 1998, 
and may have affected the availability of pollinators. Kinnaird and O'Brien (1998) 
indicated that in lowland South Sumatra, trees located close to forest fire were associated 
with lower flowering and fruiting compared to trees in the unaltered forest. As there was 
no fire in the plantation or botanical garden, the current evidence for 1997, where mature 
trees (of the same size range) of A. malaccensis in plantation and botanical garden 
produced more seeds than in the natural forest, is consistent with these observations of 
the seed/ fruit production. 
The mechanisms of seed and fruit dispersal in tropical forest are extremely varied (Suzuki 
and Ashton, 1996; Richards et al., 1996; Terborgh, 1990; Howe, 1990; Whitmore, 1972). 
Most fruit and seed dispersal of canopy trees is associated with birds and mammals 
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(Richard et al., 1996) while a proportion of fruit and seed of the understory plants are 
dispersed by birds and squirrels (Whitmore, 1993, 1972). Wind and water are also 
associated with seed dispersal (Suzuki and Ashton, 1996; Richards et al., 1996; Howe, 
1990). 
In context of fruit predation, Gautier-Hion (1990) divided consumer groups based on 
characteristics of fruits. Birds and monkeys were found to be selective feeders. Birds 
favoured to red or purple fruits without protection, and more often dehiscent fruit with 
arillate seeds. Monkeys preferred to take red, orange and yellow fruit either with a. 
succulent pulp or arillate seeds. Small rodents were classified as opportunist feeders and 
squirrels were not very selective in choice of fruit. Large rodents preferred to consume 
large—sized indehiscent fruit with fibrous flesh and seeds protected by hard kernels. 
Ruminants took a large variety of fruits but avoided the small fruit. Apart from the fruit 
of A. filaria of which appear yellow during ripening, the fruits from the other five 
Aquilaria species appeared green in color. Based on this classification, and the size of 
fruits (Table 3.6), it appeared that both rodents and squirrels are the major consumers of 
fruits of Aquilaria species. However, the observations of squirrel's feces reveal that 
most, if not all, seed fed by squirrels were completely digested and therefore the animals 
do not disperse the seeds. 
Seed size is also related to the ecological characteristics of tree species. Pioneer species 
produce a large number of seed of generally small size, while non-pioneer species 
produce seed of a generally large size to provide nutrition for the seedling to survive in 
the understory (Garwood, 1996; Richards et al., 1996; Whitmore, 1993). However, 
Grubb (1996) pointed out that the seed size of tropical species is related to the range of 
light tolerance. There are trees which produce a seed size below one mg which are 
classified as shade tolerant species. For example in the eastern palaeotropics (Malaysia to 
Australia) there are at least 16 families represented among the species which have seeds 
of less than one mg and which routinely establish in the shade. 
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Aquilaria species has a small seed size (Table 3.6). Beniwal (1989) recorded that 1,500 
seed of A. agallocha weigh one kg. Despite the evidence of seed size it is too premature 
to draw a conclusion whether Aquilaria species belong to pioneer or non-pioneer species. 
There are other factors which should considered such as the effect of light on germination 
and seedling growth. 
Howe (1990) found that seeds of V. surinamensis and T panamenis, tropical trees which 
have fruit size comparable to Aquilaria spp. (diaspore 21 x 16 mm and 1 8x 14 mm 
respectively), were dispersed by birds, monkeys and arboreal mammals. Although there 
is no investigation of lipid and sugar contents and despite little evidence of the disperser, 
Aquilaria fruits have a firm-fleshy capsule, therefore, in addition to rodents or squirrels, 
have potential attraction to birds or arboreal mammals. 
Based on seedling recruitment near the mature trees, more than 60 % of dehisced seeds 
of Aquilaria deposited under the canopy (Table 3.8). This spatial distributions of seedling 
recruitment of the three Aquilaria species was consistent with the Jansen-Connell 
hypothesis regarding seedling spatial distribution near the parent trees (Connell, 1971; 
Janzen, 1970). 
Both Jansen's (1970) and Hubbell's (1980) model (Population and recruitment 
curve/PRC) claimed that the probability of seed recruitment will be close to zero as 
distance from the parent trees increases, while the probability of seed survival to maturity 
increases with the distance form parent trees. Hubbell claimed that the theory can 
explain how adults of tropical trees species can be clumped. However, the theory was 
rejected by Becker et al. (1985) who stated that in the field such a model curve may not 
exist. Further they suggested that in predicting the offspring pattern near the parent trees, 
the ecologist should be more concerned with how the frequency, as well as the density, of 
juvenile recruits varies with distance from parent trees. Clearly a caution should be taken 
in interpreting the distribution of Aquilaria species around the mature trees. There are 
other factors which should be considered such as gap occurrence, seed predator behaviour 
and physical aspects in the vicinity which have not been included in this analysis. 
105 
It is possible, given this distribution of seedlings, that many of seeds of Aquilaria species 
were dispersed by gravity. Almost none of seedlings were found outside the 30 m 
distance from an adult tree. The result was similar to the result of Howe (1990) who 
found seed and seedlings of V. surinamensis and T panamenis primarily under parental 
crowns (10 m distance from the parental trees). Setiadi et al. (1996) found that most 
seedling recruitment of several Dipterocarp species such as S. parvfolia, S. hopefolia, S. 
parvistipulata and S. pinanga in Gn. Palung, West Kalimantan occurs within a distance 
of 15 m from the mature trees. 
111.5.4. Seed Germination 
Garwood (1996) pointed out that the time required for seed to germinate is sometimes 
thought to be associated with regeneration strategy. Seeds of pioneer species germinate 
rapidly and simultaneously to gain a competitive advantage over other seedlings in the 
gap area (Richards et al., 1996; Garwood, 1996). On the contrary, because competition in 
the understory is less severe, seeds of non pioneer species germinate more slowly 
(Garwood, 1996; Withmore, 1972). Although seed dormancy is not normal in tropical 
forest, in some species this may occur (Richards et al., 1996). Germination processes 
require oxygen for respiration, imbibition of water, minimum temperature and other 
environmental factors such light, salinity, nitrate carbon dioxide and the interaction 
between these variables (Swaine, 1997; Fenner, 1985). 
Except in A. filaria, seeds of Aquilaria spp. under nursery conditions germinated 
simultaneously. The probability of seed germination was more than 50% for each species 
(Figure 3.3). The experiments with A. agallocha in India indicated similar results. The 
seed of this species germinated immediately after sowing (65%) and declined to 10% and 
5% after two to three weeks respectively (Beniwal, 1989). However, the germination 
success of Aquilaria spp. in natural forests might be different than in controlled 
environment depending on the availability of required variables. Swaine et al. (1997) 
pointed out that although shadehouse and laboratory experiments may help in 
determining the relative importance factors of seed germination processes, it is difficult 
to predict their effect in forest conditions. 
111.5.5. Management Implications 
In Indonesia as in many other tropical countries, current natural forest management 
approach mainly depend on natural regeneration. Enrichment planting in the natural 
forest is still rarely undertaken (Departemen Kehutanan, 1989). For commercial species 
such as Aquilaria, for which the population density is low and the species are harvested 
regularly from nature (chapter II), enrichment planting in the natural forest may be 
considered as possible option. Although enrichment planting is costly, it may help to 
increase the species population density and, therefore, this activity could be an additional 
management alternative to conserve the species population in the natural forests. 
Chapman et al., (1992) pointed out that the mass of fruit production of several tropical 
trees was related to dbh. Plumptree (1995) conducted observations of seed trees of 
commercial timber species at Budongo, Uganda in 1990 and revealed that 
Entandrophragma spp. did not produce fruit below 80 cm dbh, while Kaya sp. produce 
fruit at 40 cm dbh. Some of the large (presumably old) trees species (e.g. Celtis sp, 
Maesopis sp), showed a decline in fruit production. The observations also indicated that 
some trees (e.g. Kaya sp) in logged forest had reduced fruit production. Similar trends 
were demonstrated for mahogany trees in the Chimanes Forest (Gullison et al., 1996). 
These investigations appear to be consistent with the findings of fruiting pattern of 
Aquilaria species, as it was found that trees at a dbh of approximately 40-50 cm tended to 
produce more fruits than the those with dbh> 50 cm (Figure 3.3-3.4). However, caution 
should be taken as these observations were limited to a small sample size and for only 
one season. Additionally, trees might produce very different amount of fruit from one 
year to the next (Newstrom et al., 1994). Despite these limitations and given that 
Aquilaria trees in natural forest are harvested intensively, it is advisable to regulate the 
felling size of trees at a dbh of approximately 40-50 cm to maintain seed production 
level. 
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An alternative option would be to increase cultivation of the species in plantations. 
Flowers of the species appeared to be pollinated by a broad range of insects living in the 
immediate vicinity. The successful production of viable seed in the plantation grown 
trees indicates that plantation crops could be managed as seed orchards facilitating the 
domestication process. The trees tend to flower and fruit annually therefore seed supply 
problems could be readily overcome by this approach. The probability of seed 
germination is higher than 50% for all six species so the prospect for developing seed 
supply for plantation establishment are encouraging. 
As the research on gaharu inoculation on the trees of Aquilaria is underway, and some of 
the results are promising (Ng et al., 1997; Santoso, 1996; Jalaluddin, 1977), the 
development of plantations could be carried out as a means of community development. 
The government may assist the establishment of plantations in the areas near the forest 
where many local people are collecting gaharu from the wild for their own livelihood. In 
addition these activities may provide an incentive to the local people to collect gaharu 
from their own plantations, thereby reducing pressure on natural stands. 
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CHAPTER IV 
REGENERATION of Aquilaria spp. 
IV.1. INTRODUCTION 
The process of regeneration in tropical forest is complex and the factors influencing 
seedling recruitment are more diverse compared to temperate forest (Richards et al., 
1996). Regeneration of forest involves recruitment, survivorship and growth (Bazzaz, 
1991). Growth in tropical forest is related to many ecological variables such as light 
(Richards et al., 1996; Whitmore, 1991, 1989), water (Bursiem, 1996; Whitmore, 1984) 
and soil nutrients (Richards et al., 1996; Clark, 1990; Brokaw, 1985; Bazzaz, 1984; 
Medina. 1984; Pickett, 1983). Growth and regeneration rate of trees in tropical forests 
also vary between species, depending on their succession characteristics (Van Der Meer 
et al., 1998; Scholes et al., 1997; Still, 1996; Richards et al., 1996; Whitmore, 1990, 
1978). 
As a broad generalization, pioneer species are relatively light-demanding and are highly 
colonists of canopy gaps. The seeds of pioneer species can only germinate under gap 
areas. In contrast, non-pioneer, late successional or climax species are adapted to shaded 
areas. The shade tolerant species are able to germinate under shaded areas but may need 
an open canopy at a later stage during their life cycle to reach maturity (Brown and 
Whitmore, 1992; Swaine and Whitmore, 1988). Although it has been proposed that 
within both of these classes there are various additional ecological groups, Brown and 
Whitmore (1992) pointed out that these groups merge into each other, forming a 
continuum. 
In tropical forest, canopy gaps play an important role for the successful regeneration of 
many tree species (Scholes etal., 1997; Kuusipalo et al., 1997; Brokaw, 1985; Whitmore, 
1978). Within gap areas, new trees colonize and grow toward canopy. Gaps are a critical 
phase in the forest cycle because they determine the floristic composition of the future 
stand (Boot, 1996). Studies of aspects of gaps in relation to seedling ecology and 
regeneration have been done in many forest areas (e.g. Van Der Meer etal., 1998; Brown 
and Whitmore, 1992; 1996; Brokaw, 1985). However, no previous study has been 
undertaken with Aquilaria species. 
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Aquilaria species are known as a source of gaharu, a resinous fragrant wood which ranks 
among the most highly valuable traded forest products worldwide (Beniwal, 1989; 
Sidiyasa and Suharti, 1987). The trees of Aquilaria spp which occur in tropical forest are 
harvested regularly for gaharu collection (Ng et al., 1997; Yamada, 1995; Chakrabarty et 
al., 1994; Roemantyo, 1992). 
This study was conducted to assess the factors influencing seedling regeneration of A. 
malaccensis and A. microcarpa in relation to variation in light, seedling density and 
distance to the mature tree. This was achieved by combining field observation and 
nursery experiments. However, owing to limited seedling availability during the study, 
the experiment in the nursery was conducted with only one species, A. malaccensis. 
Field observations were undertaken between December 1996 to April 1998, while the 
nursery experiment was carried out between January to October 1997. 
IV.2. STUDY AREA 
IV.2.1. Field Observations 
Observations of seedling regeneration of A. malaccensis and A. microcarpa in natural 
forest were undertaken in West and East Kalimantan respectively. The observations took 
place between 6 January 1997 to 24 April 1998 for West Kalimantan and 9 December 
1996 to 28 March 1998 for East Kalimantan. 
The site in West Kalimantan was a lowland area, between 50-80 m.a.s.l., of ± 60 ha 
dominated by secondary mixed forest of non Dipterocarps and rubber plantation. The 
area is located at approximately 0 0 23' N and 108 0 45' E. The nearest climate station at 
Mandor, 15 km to the south, indicated that annual rainfall ranges between 2,600 to 3,000 
mm. This area was proposed as a study area by local forestry officers in West Kalimantan 
owing to the occurrence of Aquilaria spp. (Figure 2.3, Chapter II). 
ir 
The East Kalimantan (Mentoko) site was a lowland primary forest, ± 50 m.a.s.l., of ± 
200 ha which was dominated by mixed Dipterocarps. The area was lightly burnt by fire 
in 1983 and 1988. This area is located at approximately 10  20' N and 1180 15 E. The 
national park offices in Sengata, East Kalimantan indicated that annual rainfall in this 
area ranges between 2,800 to 3,400 mm. The area was selected mainly because of its 
location in the park research zone, which may be useful for a long-term observations 
(Figure 2.3, Chapter II). 
IV.2.2. Nursery Experiment 
The nursery experiment with seedlings of A. malaccensis was undertaken in the 
experimental area of IPB (Bogor Agricultural University) at Bogor (6 0 38' S and 1060 
49'E). The study took place between December 1996 to October 1997. The site is 
located in the campus of Darmaga IPB. The station is about 4000 m 2 in area, which 
consists of greenhouses and a nursery area, and is part of the Department of Forest 
Resource Conservation of the Faculty of Forestry of the IPB. Annual rainfall in general is 
between 3,000 to 4,000 mm. The area has an altitude of between 200-250 m.a.s.l. 
IV.3. MATERIALS AND METHODS 
IV.3.1. Field Observation on Natural Regeneration 
Twenty two mature trees of A. microcarpa which were located in 200 ha study site in 
natural forest in East Kalimantan and 20 mature trees of A. malaccensis which were 
located in 60 ha area of secondary forest in West Kalimantan were selected for 
observations (For method of inventory see Chapter II). Of the 22 selected trees in East 
Kalimantan, 10 were found to have young trees located within 30 m distance from the 
parent trees and of the 20 selected trees in West Kalimantan, the nearby presence of 
young trees was recorded for 12 trees. The number of young trees near to each selected 
tree varied from 3 to 25 individuals in West Kalimantan and between 7 to 26 individuals 
for East Kalimantan. 
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The young trees were classified into seedlings (<0.5 m height), large seedlings (0.5-<1 .0 
m height), saplings (1.0-2 m height) and large saplings (>2.0-3.0 m height). All 
individual seedlings and saplings were tagged (n= 215 for A. malacensis in West 
Kalimantan and n= 224 for A. microcarpa in East Kalimantan). 
Height of selected seedlings and saplings was recorded using a measuring tape to the 
nearest 0.1 cm, while stem diameter was measured using calipers to the nearest 0.01 cm. 
The distance of seedlings and saplings to the nearest mature tree was also measured using 
a tape measure to the nearest 0.1 meter. In addition, incoming light intensity to each 
seedling and sapling was also recorded using digital Luxmeter (Digital Model:YF-1085; 
Yu Fung- 1065 -Taiwan made) to the nearest 1 lux. The value was converted to .tmol 
photons m 2  assuming that the daylight reaching the forest floor was diffused, ikiux 
(400-700nm) of daylight (diffuse) is equal to 19 .tmol photons m 2 S-1 (McCree, 1981). 
The survival and mortality of seedlings and saplings was also recorded. The 
measurements were repeated every four months. The experiment in East Kalimantan 
was terminated in March 1998 when most of the seedlings and saplings were burned by 
forest fire, and in April 1998 for West Kalimantan. Composite soil samples were taken 
from each selected site and each sample was made up of three 5 cm diameter by 15 cm 
deep core. The soils were analyzed following standard procedures at the Biological 
Tropical Institute (BIOTROP), Bogor. 
Cumulative growth curves were calculated for young trees of A. malaccensis in West 
Kalimantan and A. microcarpa in East Kalimantan. The regression analysis was run to 
assess a relationship between light intensity and growth rate and relative increment in 
individual young trees of A. malaccensis and A. microcarpa, which were examined at 
both sites. The relationship between growth rate of the young trees and distance to the 
nearest mature tree was also examined using regression analysis. Because of wild fire in 
East Kalimantan which killed most of the selected yo* ung trees, the above calculation was 
undertaken for all selected young trees which survived a period of the year. Survivorship 
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curves of seedlings and saplings of A. malaccensis in West Kalimantan and A. 
microcarpa in East Kalimantan were calculated. 
IV.3.2. Nursery experiment 
The nursery experiment was undertaken using three different factors: soil (2 treatments), 
light availability (4 treatments) and seedling density (4 treatments). Except for light, 
each treatment was replicated four times. 
Seedlings of A. malaccensis were taken from the plantation of Aquilaria spp. at Bogor, 
Java (For location see Chapter III). These seedlings were already raised in sand in a 
plastic pot (60 cm diameter and 15 cm tall) when in the plantation. The owner estimated 
that these seedlings were approximately one month in age. Seedlings of approximately 
the same height (<25 cm) were selected from the pot. 
Soil was taken from near the experimental area of the University in Darmaga IPB, Bogor 
where the soil type was known and is regularly used by the university for research 
purposes. Two types of soil were selected: Latosol and red and yellow Podzol 
Three wooden shade frames (each of 2 .0 x 1.5 m; 1.5 in tall) were constructed. Paranet 
(black nylon netting; Taiwan made) was used to filter the incoming sunlight to the frame. 
The study used three different grades of paranet (75%, 55% and 27.5% light 
absorption) to cover the three frames. Each grade of paranet was indicated by different 
mesh size (18.5 inch'; 13.6 inch' and 7.1 inch' for 75%, 55% and 27.5% light 
absorption). A control (unshaded) treatment was included. To assess temperature and 
humidity inside the frame, four hygrogarphs and minimum and maximum thermometers 
were used, one placed in each frame and one placed near the plot of direct sunlight under 
a shade frame. 
In January 1997, soil of each type was placed into 64 polythene bags (12 cm diameter 
and 17 cm tall) which were filled near to capacity. Seedlings of A. malaccensis, taken 
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from the plantation area, were re-planted in each soil at four different densities one, two, 
three or four per pot. Each seedling density was replicated four times within each soil 
type and light treatment. 
Four replicates of each of the four different seedling densities, in each of two soil types, 
were randomly positioned in three different shaded and unshaded plots. The seedlings 
received natural rainwater supplemented with tap water as required. 
Height, diameter and number of leaves of seedlings, temperature, humidity and light 
intensity under the shaded area and within unshaded plot were recorded every two weeks. 
The latter three variables were measured three times (8:00 am, 12:00 and 4:00 pm) on the 
day of recording. Height was measured by measuring tape to the nearest 0.1 cm and 
shoot diameter was measured using calipers to the nearest 0.01 cm. Light intensity was 
recorded using Digital Luxmeter (Yu Fung-1065; YF-1085) to the nearest 1 lux. 
Seedlings were harvested in October 1997 (309 days after planting). Stems and roots 
were weighed using a digital balance (Model hf-200GD; AND brand) to the nearest 0.1 g. 
Root-shoot ratio was also calculated to assess the carbon allocation (Elva, 1991). 
As the light treatments were not replicated because of space constraints, the experiment 
was analyzed as a randomized block design using ANOVA in which light treatment was 
equal to block. Because light treatments were not replicated, the estimation of light effect 
on seedling growth was made by comparing the mean value of growth (height and stem 
diameter) of seedling from each block. A t-test was used to assess the significant 
differences between the above mean value. The interaction between seedling density and 
soil was tested using Duncan Multiple Range test, following ANOVA. 
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IV.4. RESULTS 
IV.4.1. Field Observation 
Cumulative growth of seedlings of A. malaccensis and A. microcarpa in the two study 
areas over the 12 months indicated that rates of increment were low. Within this period, 
seedlings of A. malaccensis increased by a mean of 32.2% in height and 47.4% in shoot 
diameter. In the same period, seedlings of A. microcarpa increased by a mean of 29.1% 
in height and 53.2% in stem diameter. The growth of seedlings and saplings of both 
species in gap sites appeared higher compared to that of seedlings and saplings located 
under shade areas (t-test = 3.01, for p<O.OS, df=47). 
In general, rates of increment of height were higher for seedlings or saplings of A. 
malaccensis in West Kalimantan than seedlings or saplings of A. microcarpa in East 
Kalimantan (t-test 2.37 for p<0.05, df=221). However, there was no significant 
difference in the increment of shoot diameter of A. malaccensis and A. microcarpa 
between the two sites (t-test = 0.27 for p<0.05, df= 221) (Figure 4.1 and 4.2). The 
means of relative growth of A. malaccensis in West Kalimantan was 21.2 ± 2.3 cm year -1 
for height and 0.17 ± 0.02 cm yeai' for shoot diameter, whereas for A. microcarpa in 
East Kalimantan was 15.7 ± 3.1 cm year-1 and 0.16 ± 0.01 yeaf 1 for height and shoot 
diameter consecutively. 
Regression analysis indicated that relative growth rate (height) was positively related to 
light availability in both A. malaccensis (?= 0.79, p<0.0005) and A. microcarpa (?= 
0.60, p= 0.001) (Figure 4.3). However, relationships between relative growth rate of 
stem diameter and light availability were not significant for either species (Figure 4.4). 
Regression analysis detected no significant relationship between distance of seedlings to 
the mature tree and the growth rate of height of seedlings or saplings of the two species 
within the two study areas (?= 0.05 for seedlings or saplings of A. malaccensis in West 
Kalimantan and r 2=0. 1 for seedlings or saplings of A. microcarpa in East Kalimantan) 
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(Figure 4.5). Similarly, there was no relationship between density of seedlings or saplings 
of the two species and their relative growth rate of height (Figure 4.6). 
The soil chemical characteristics of each study site were slightly different. Cation 
exchange capacity (CEC) and pH of soil in the study area in West Kalimantan were 
slightly higher than in the study area in East Kalimantan. Soil texture of the two sites 
was also different, the West Kalimantan site contained more sand but less silt compared 
to the soil from East Kalimantan site (Table 4.1). It appeared that seedlings grown in soil 
with higher pH, C-org, N, P. and CEC grew faster (Table 4.1 and Figure 4.1 and 4.2). 
Soil texture, in addition to irradiance, appeared to affect the growth of seedlings of the 
species. Seedlings grown in soil which had an approximately equal balance of sand, silt 
and clay (West Kalimantan) had higher growth rates compared to seedlings which were 
grown in East Kalimantan, where soil texture has a higher silt content (Table 4.1 and 
Figure 4.1 and 4.2). 
The proportion of young A. malaccensis trees surviving declined throughout the period of 
observation, particularly during the first eight months. By the end of the observation 
period fewer than 20% of seedlings surveyed initially were still alive. Similarly, in A. 
microcarpa, survival declined throughout the period of observation in all size classes. As 
with A. malaccensis, these declines tended to be more pronounced in seedlings and small 
saplings. In A. microcarpa, survival in all classes declined sharply between November 
1997 to March 1998. This was the result of a forest fire in the National Park between 
December to April 1998 (Figure 4.7). 
The mortality of young trees was attributed to variety of causes. Trampling and cutting 
(33.6%) ranked as the major causes of mortality in A. malaccensis followed by flooding 
(32.7%). At the East Kalimantan sites, forest fires (51.8%) were recorded as the major 
cause of mortality of seedlings and saplings of A. microcarpa followed by trampling and 
cutting (8.9%) and browsing (8.4%). If the impact of the fire is ignored, the main cause of 
mortality was trampling and cutting. However, in a high proportion of cases (63.4%), the 
causes of death was non-attributable (Table 4.2). 
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IV.4.2. Nursery Experiment 
Irradiance in the different shade treatments was significantly different (t-test= 3.44 for 
p<O.Ol, df=34 for irradiance 100% and 72.5% at sunny day at 12:00 hours). Means of 
instantaneous irradiance on sunny days ranged between 29.66 p.mol photons m 2s1 in 
the 75% shaded area to 347.61 .imol photons m -2 S-1 in unshaded area (Table 4.3a). The 
variance associated with these mean values was high, reflecting pronounced day-to-day 
variation. 
Means of humidity and temperature did not differ significantly between the shaded and 
unshaded areas (t-test= 1.55 for p<O.Ol, df=34 for humidity under irradiance of 100% 
and 75% at sunny day at 12:00 hours; t-test = 1.69 for p<O.Ol, df =34 for maximum 
temperature under irradiance of 100% and 75 % at sunny day at 12:00 hours). However, 
significantly different values of humidity were recorded between morning (8:00am) and 
late afternoon (4:00 pm) (Table 4.3b). Temperature values displayed a similar trend 
(Table 4.3c) (t-test= 3.74 for p<O.Ol, df=34 for humidity under 100% irradiance 
between 8.00 am and 12.00; t-test= 2.94 for p<O.Ol, df=34 for temperature under 100% 
irradiance between 8.00 am and 12.00 hours). 
Two seedlings located in the plot with 55 % light intensity died and one seedling located 
in the unshaded plot died during the first month of the experiment. These seedling were 
all planted in the Latosol. Fungal attack was indicated as the cause of seedling mortality. 
These was treated as missing values in the analysis. 
The ANOVA indicated that shaded treatments (i.e. block) significantly affected all 
selected growth variables e.g. seedling height and shoot diameter (Table 4.4a-e). The 
decrease in irradiance was associated with a decline in the mean growth rate of height, 
stem diameter and leaf increment of the seedlings (Figure 4.8; t-test= 4.1 p<O.Ol, df=29 
for height under 100% and 27.5% irradiance and t-test=3.9 p<O.Ol, df=30 for stem 
diameter under 100% and 27.5% irradiance). However, root shoot ratio increased with 
the decline in irradiance (Figure 4.8; t-test =2.81 p<O.Ol, df=29). Mean growth rate for 
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height was 7.9 ± 1.9 cm and 3.1 ± 1.1 cm under 100% and 25% irradiance respectively. 
Over the duration of the experiment, stem diameter increased by a mean of 1.2 ± 0.3 mm 
under 100% irradiance and by a mean of 0.73 ± 0.1 mm under 27.5% irradiance. Similar 
features were also displayed by other variables e.g. leaf increment (Figure 4.9). 
The growth of seedlings of A. malaccensis in the experiment varied between soil type 
and seedling density treatment. Duncan multiple range tests indicated that higher values 
of seedling growth (i.e. height, total dry mass, shoot diameter and leaf increment) were 
associated with Latosol soil at low seedling density (1 or 2 individuals per pot) 
compared to those grown in red and yellow Podzol soil. However, there was no variation 
of seedling growth grown in Podzol soil in relation to density per pot. No significant 
different was recorded for root shoot ratio and total dry mass for both soil types (Figure 
4.9). As expected, seedlings grown in the soil type which had higher pH, C-org, CEC and 
Al grew faster than in soil which had lower aforementioned variable contents (Table 4.1 
and Figure 4.9). 
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Table 4.1 Chemical content of soil taken from study sites in West and East 
Kalimantan and from the nursery (Latosol and Yellow Red Podzol) 
Soil Variable West. East Latosol Yellow Red 
Kalimantan Kalimantan Podzol 
pH H20 4.70 4.50 5.11 4.93 
pHKC1 3.70 3.80 4.13 3.85 
C-org 1.02 0.49 0.66 0.50 
N-total Kjeldahl 0.09 0.05 0.06 0.05 
P 23.94 14.19 11.60 nr 
Ca 0.24 0.58 1.50 1.15 
Mg 0.35 0.94 0.33 1.03 
K 0.25 0.24 0.05 0.13 
Na 1.81 0.23 nr nr 
CEC 7.32 6.15 16.20 9.30 
Al 1.45 1.11 2.13 2.42 
H 0.75 0.64 0.56 0.32 
Texture 
Sand 21.16 18.44 25.94 23.45 
Silt 34.66 37.21 33.28 27.65 
Clay 44.18 44.35 40.78 48.90 
All variables in ppm except texture in percent. CEC: Cation exchange capacity; nr: Not 
recorded. 
Table 4.2. Causes of mortality of seedlings and saplings of A. malaccensis in the field site 
in West Kalimantan and A. microcarpa in the field site in East Kalimantan 
Mortality 
West Kalimantan 	 East Kalimantan Probable causes 	
Before fire' 	After fire Before fire 	After fire 3 
Browsing 11(10.0%) NR 19(17.6%) 19(8.4%) 
Trampling and 37(33.6%)' NR 20(18.5%) 20(8.9%) 
cutting 
Flooding 36(32.7%) NR 0(0.0%) 0(0.0%) 
Forest fire 0(0.00%) NR 0(0.0%) 116(51.8%) 
Unknown 26(23.6%) NR 69(63.4%) 69(30.8%) 
Total of mortality 110(51.2%) NR 108(48.21%) 224 (100%)(a) 
NR: Not recorded; 1: January 1997-April 1998; 2: December 1996-November 1997; 
3: December 1996-March 1998; a: These figure recalculated for the entire period 
including March 1998. No. of sample in West Kalimantan:2 15; No. of sample in East 
Kalimantan: 224. For method see text. 
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Table 4.3a. Instantaneous irradiance (p.mol photons m 2 s 2) within the unshaded and 




100% 72.5% 45% 25% 
8.00 am 153.07± 100.89 87.93±52.67 17.98±10.18 9.68±5.71 
12.00 347.61±47.43 243.97±88.42 68.69±20.91 29.66±7.19 
4.00 pm 48.42±22.72 15.70±7.98 7.69±3.80 3.89±1.96 
Value are means ± SE; n= 30 days. 100%: full sunlight. For methods see text. 
Table 4.3b. Daily humidity (%) within the unshaded and shaded areas in the nursery 
experiment at IPB Darmaga, Bogor between January to August 1997 
Observation Humidity (%) according to irradiance 
time 
100% 72.5% 45% 25% 
8.00 am 88.86±6.90 90.71±6.09 90.96±4.80 90.97±3.70 
12.00 57.36±3.45 53.44±8.45 57.64±5.41 57.70±5.30 
4.00 pm 64.45+19.27 69.04±5.54 66.32±6.70 67.02±5.70 
Value are means ± SE; n= 30 days. 100%: Full sunlight. For methods see text. 
Table 4.3c. Daily temperature ( °C) within the unshaded and shaded areas in the nursery 
experiment area at IPB Darmaga, Bogor between January to August 1997 
Time 	 Daily temperature within shaded and unshaded area 
100% 	 72.5% 45% 25% 
Max 	Min 	Max 	Min Max Min Max 	Mm 
8.00 am 	24.4±1.6 23.7±1.5 23.3±1.5 22.7±1.4 24.0±1.3 22.8±1.9 24.0±1.0 23.8±1.0 
12.00 31.2±1.2 	30.5±0.9 	30.4±0.7 	30.2±0.6 30.4±0.7 30.3±1.9 30.9±0.7 	30.4±0.8 
4.00 pm 	29.2±1.3 29.0±1.3 29.1±1.0 28.8±1.0 29.1±1.0 29.1±0.9 29.1±1.0 29.0±0.9 
Value are means ± SE; Mm: Minimum; Max: Maximum; n= 30 days. 100%: Full 
sunlight. For methods see text. 
126 
Table 4.4a. Analysis of variance for height of seedlings of A. malaccensis grown in 
different soil types and seedling density treatments in a nursery experiment in Bogor, 
Java 
Sources 	 df 	SS 	MS 	F value 	Pr>F 
Block 3 511.68 170.56 13.31 0.0001 
Soil 1 1461.45 1461.45 114.08 0.0001 
Density 3 129.30 43.10 3.36 0.0212 
Soil 	density 3 215.32 71.77 5.60 0.0013 
Error 113 1447.56 12.81 
Total 	- 123 
Table 4.4b. Analysis of variance for stem diameter of seedlings of A. malaccensis 
grown in different soil types and seedling density treatment in a nursery experiment in 
Bogor, Java 
Sources 	 df 	SS 	MS 	F value 	Pr>F 
Block 3 5.00 1.66 5.32 0.0018 
Soil 1 6.64 6.64 21.18 0.0001 
Density 3 1.00 0.33 1.07 0.3640 
Soil x density 3 1.31 0.43 1.40 0.2459 
Error 113 35.44 0.31 
Total 123 
Table 4.4c. Analysis of variance for leaf number of increment of seedlings of A. 
malaccensis grown in different soil types and seedling density treatment in a nursery 
experiment in Bogor, Java 
Sources 	 df 	SS 	MS 	F value 	Pr>F 
Block 3 85.11 28.37 2.35 0.0759 
Soil 1 1540.07 1540.07 127.71 0.0001 
Density 3 163.89 54.63 4.53 0.0049 
Soil x density 3 219.05 73.01 6.06 0.0007 
Error 113 1362.66 12.05 
Total 123 
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Table 4.4d. Analysis of variance for total dry mass of seedlings of A. malaccensis grown 
in different soil types and seedling density treatment in a nursery experiment in Bogor, 
Java 
Sources 	 df 	SS 	MS 	F value 	Pr>F 
Block 3 5.29 1.76 9.39 0.0001 
Soil 1 15.64 15.64 83.31 0.0001 
Density 3 2.11 0.70 3.76 0.0129 
Soil x density 3 3.22 1.07 5.72 0.0011 
Error 113 21.22 0.18 
Total 123 
Table 4.4e. Analysis of variance for root-shoot ratio of seedlings of A. malaccensis grown 
in different soil types and seedling density treatment in a nursery experiment in Bogor, 
Java 
Sources 	 df 	SS 	MS 	F value 	Pr>F 
Block 3 28.75 9.58 2.97 0.03 
Soil 1 60.27 60.27 18.70 0.0001 
Density 3 16.84 5.61 1.74 0.16 
Soil x density 3 7.03 2.34 0.73 0.53 
Error 113 364.16 3.22 
Total 123 
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Figure 4.1. Cumulative growth in height of seedlings of A. malaccensis growing in 
secondary forest in West Kalimantan (left, n=1 15) and seedlings of A. microcarpa (right, 
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Figure 4.2. Cumulative growth in diameter of seedlings of A. malaccensis growing in 
secondary forest in West Kalimantan (left, n=1 15) and seedlings of A. microcarpa (right, 
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Figure 4.3. Growth rate of height of seedlings A. malaccensis in secondary forest in West 
Kalimantan (left, n=1 15) and seedlings of A. microcarpa in natural forest in East 
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Figure 4.4. Growth rate of diameter of seedlings A. malaccensis in secondary forest in 
West Kalimantan (left, n=1 15) and seedlings of A. microcarpa in natural forest in East 
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Figure 4.5. Growth rate of height of seedlings A. malaccensis in secondary forest in West 
Kalimantan (left, n=1 15) and seedlings of A. microcarpa in primary forest in East 
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Figure 4.6. Growth rate of height of seedlings A. malaccensis in secondary forest in West 
Kalimantan (left, n=1 15) and seedlings of A. microcarpa in primary forest in East 
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Figure 4.7. Survivorship curves for seedlings and saplings of A. malaccensis in field sites 
in West Kalimantan (left) and A. microcarpa in field sites in East Kalimantan (right). A 
sharp decline in March 1998 in East Kalimantan was due to forest fires during December 
1997 to March 1998. 
Note: 
Categories 	 West Kalimantan East Kalimantan 
(n) 	 (n) 
[]=Seedlings (<0.5 m height) 	 79 79 
o= Saplings (0. 5-< 1.0 in height) 81 	 94 
x= Saplings (1.0-2.0 m height) 	 48 43 
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Figure 4.8. The influence of light on seedlings of A. malaccensins in the nursery 
experiment at IPB Darmaga Bogor; Values are means ± SE in each case; For methods see 
text. 
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Figure 4.9. Interaction between density of A. malaccensis and soil type on the selected 
variables in the nursery experiment at IPB Darmaga, Bogor. The selected variables are 
height (cm), shoot diameter (mm), number of leaf increment, total dried mass and root 
shoot ratio. Soil 1: Yellow Red Podzolik; Soil2: Latosol . Dl: One individual seedling per 
pot; D2: Two individuals of seedlings per pot; D3: Three individuals of seedlings per pot; 
D4: Four individuals of seedlings per pot. The values analyzed were the means per pot; 




The growth of tropical tree seedlings depends on complex interactions of morphological 
and physiological attributes of each species The morphological factors may include leaf 
area, biomass allocation, height, stem width, density, shoot and leaves while the 
physiological traits, among others, include photosynthetic rate, and light compensation 
point (Garwood, 1996). 
In tropical forest, light is the principal limiting factor for plant growth and species 
respond to light in different ways (Swaine et al., 1997). There is a wide range of growth 
rate among tropical tree seedlings. Pioneer species grow faster in gap environments than 
most climax species (Garwood, 1996; Richards et al., 1996), but because pioneer species 
are intolerant of shade, they are eventually replaced by more shade-tolerant species which 
commonly named as climax species (Richards et al., 1996; Whitmore, 1991). All species 
show some degree of plasticity in morphological and physiological characteristics in 
response to light environments. Species vary greatly in the amplitude and rate of change 
of particular traits (Garwood, 1996; Burslem, 1996). 
Shade tolerant or ('climax') species, for most of the day, are subjected to low light, with a 
photosynthetic photon flux density (PPFD) of normally below 50 mol m 2 s 1 , or less 
than 5% of the flux incident on the top of canopy (Press et al., 1996). However, these 
seedlings will be subjected to bursts of higher irradiance in the form of sunflecks. 
Sunflecks, which are normally in the range of 50-500 imol m 2 s- , may account for up 
to 75% of the total PPFD and tend to be clustered temporally (Press etal., 1996). 
This study has shown the different response of Aquilaria species to different light 
environments. Seedlings or saplings of A. malaccensis which occur in secondary forest 
(West Kalimantan) where the canopy structure was more open, appeared to grow faster 
than those of seedlings of A. microcarpa which occur in primary forest (East 
Kalimantan). Although the range in values of instantaneous irradiance in the two study 
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area was approximately the same, between near zero to over 150 tmol m 2 s (Figure 4.1 
and 4.2), direct sunlight presumably penetrated to the forest floor is sunilecks more 
frequently in the secondary forest in West Kalimantan sites. Similarly, growth rate for 
stem diameter of seedlings or saplings in the study area in West Kalimantan were higher 
compared to seedlings or saplings occurring in study sites in East Kalimantan. 
The mean growth rate of A. malaccensis in West Kalimantan (21.2 ±1.3 cm yeaf' or 
equal to approximate 32%) and A. microcarpa in East Kalimantan (15.7±3.1 cm year- ' or 
equal to approximate 29.1%) was higher compared to certain species of Dipterocarp in 
Sabah, Malaysia e.g. S. argentfolia (5.6-7.7 cm year-'or equal to 7.1 to 11.1%) and S. 
paucflora (2 cm yearT') (Still, 1996). The experiment in the nursery indicated that mean 
growth rate for height of A. malaccensis was almost three times higher than that in the 
forest area (within 10 months observations was 6.28 ±1.1 cm or equal to approximate 
116.8%). 
Regression analysis indicated that height growth of seedlings or saplings was positively 
related to irradiance, but the regression was not significant for stem diameter (Figure 4.1 
and 4.2). The result from the nursery experiment was also consistent with the, field 
observations in terms of the relationship between irradiance and height growth. Except 
for shoot-root ratio, other growth parameters of seedlings of A. malaccensis grown under 
higher irradiance were higher compared to those of seedlings grown under lower 
irradiance (Figure 4.8). Similarly, Turner (1989) has shown that in a shade experiment in 
Muka Head Field Station of University of Malaysia, three species of canopy dominant 
(S. curtisii, G. curtisii and S. macroptera) placed under higher instantaneous irradiance 
grew faster compared to seedlings placed under lower instantaneous irradiance. 
Biomass allocation during seedling growth may also relate to subsequent seedling or 
sapling traits (Garwood, 1996). Garwood (1996), de Vogel (1980) and Bum (1972) 
pointed out that in many cases, in species with hypogeal cotyledons, the tap root is 
frequently described as developing substantially prior to shoot initiation and remains 
relatively large compared to the shoot at the end of the expansion stage. In contrast, in 
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many species with epigeal cotyledons, the tap root is poorly developed when the shoot is 
initiated and is relatively small compared to the shoot (Garwood, 1996). In later stages of 
seedling development, Pompa and Bonger (1988) conducted a gap experiment in rain-
forest of Veracruz, Mexico and demonstrated that gap size was not significantly 
correlated with root-shoot ratio of shade tolerant species. In contrast, root shoot ratio of 
seedlings of A. malaccensis, which has epigea germination (Soehartono, personal 
observation), showed has a significant negative correlation with light intensity in shade 
experiment (Figure 4.8). 
Garwood (1996) pointed out that root-shoot ratio at the end of the expansion stage can be 
used as an indicator for habitat specialization. Many savanna trees develop deep tap roots 
prior to rapid shoot growth (Jackson, 1974; Rizzini, 1965). This indicates an adaptation to 
both low rainfall and frequent fires. High root-shoot ratio of seedlings may also indicate 
that species are better able to establish in drier habitats (ridge tops, sandy soil and drier 
forest type) (Garwood, 1996). This hypothesis is partly supported here, as many 
Aquilaria species in Sumatra and Kalimantan were located in slope and ridge areas. 
However, some Aquilaria species in these two areas are also found in lowland areas. 
Many species, particularly fast-growing species, have shown higher net photosynthetic 
rate under high irradiance compared to those under low irradiance (Ghazoul et al., 1998; 
Scholes et al., 1997; Richard et al., 1996; Moneey et al., 1984; Bazzaz, 1979; Smith, 
1975). On the contrary, Grime (1966) which to some extent was proved by Grubb et al. 
(1996) suggested that shade tolerant plants grown in deep shade performed low 
maximum rates of photosynthesis. Scholes et al. (1997) conducted an experiment at the 
Danum Valley Conservation Area, Sabah, and demonstrated that the photosynthetic rate 
of A. mangium, a light-demanding species, was five times greater than that of H nervosa 
(heavy hard wood with slow growth rate) under high irradiance. On the contrary, Scholes 
et al. (1997) recorded that D. lanceolata (Dipterocarp species) which has a wide range of 
tolerance to light availability the photosynthetic rate was almost half that of S. leprosula 
(a Dipterocarp species which known as a light-demanding species) under high irradiance. 
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Each species has its own maximum light saturation. Sasaki and Mon (198 1) in Whitmore 
(1988) demonstrated that height growth of S. assamica declines when the relative light 
intensity reaches approximately 50%. Similarly, Tuomela et al. (1996) found that height 
growth of S. fallax and S. parvfolia in rain forest in South Kalimantan declined when the 
gap size increased. 
Despite the need for study of light saturation, this experiment has shown that seedlings 
of A. malaccensis and A. microcarpa can survive over a wide range of light conditions (< 
5 p. mol photons to 200 p. mol photons. Growth is faster under higher light intensity and 
declines under shade, therefore gap size is likely to be of considerable importance for the 
regeneration of the. species. Further observations are needed to determine the value of 
maximum light saturation ofAquilaria species. 
Apart from light availability, seedlings of A. malaccensis and A. microcarpa in the two 
study areas also compete for soil nutrients and water. Vitousek (1984) indicated that 
plants of moist lowland tropical forest are limited by the availability of P. Bursiem 
(1996) conducted experiments in lowland tropical forest, Singapore, and demonstrated 
that the growth of light-demanding species (Melastoma malabathricum L) was limited by 
the availability of P and no other single macronutrient. In contrast, of the six shade 
tolerant species (Antidesma cuspidatum, Calophyllum tetrapterum, Dipterocarpus 
kunstieri, Garcinia scortechinii Hopea grffIthii and Vatica maingayi) only seedlings of 
A. cuspidatum grown in pots were limited by nutrient supply and in this case the limiting 
nutiient was not P. 
Although there are no records of inter-annual variation of nutrient fluxes in the two study 
areas, based on variable pH, N, P, K and CEC (cation exchange), the soil in West 
Kalimantan was slightly more fertile than that of East Kalimantan (Table 4.1) (Cook, 
1965; Bridges, 1993). Nutrient content of N, P, and K in forest areas is normally 
associated with litter mass (Cuevas and Medina, 1986; Bridges, 1993). From the litter 
stand point, the litter mass in primary forest in East Kalimantan sites was expected to be 
higher than in the study area in West Kalimantan hence soil in East Kalimantan is 
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presumably more fertile than in West Kalimantan partly for this reason. Unfortunately 
there was no observation of litter mass made in the two study areas therefore it was 
difficult to clarify this points further. 
In this study, it appeared that seedlings of Aquilaria species performed better in West 
Kalimantan where soil has a higher pH and a higher content of N, P and K compared East 
Kalimantan. This result is consistent with the evidence showed in the nursery 
experiment. The ANOVA and Duncan multiple ranges test indicated that the growth 
(height, stem diameter, number of leaf increment, total dry mass and root-shot ratio) of 
seedling A. malaccensis in Latosol soil were higher compared to seedlings grown in 
Podzol soil. In relation to density per pot, the test indicated that there was almost no 
variation of growth of seedlings grown in each soil type (Figure 4.9). For comparison, 
Gunatilleke et al. (1996) conducted an experiment of seedlings of Dipterocarp in an 
artificial shelter in Sinharaja rain forest, Sri Lanka, and demonstrated that growth 
performance for height and total dry mass was higher in soil which was relatively rich in 
nutrient compared to seedlings which grew in soil containing fewer nutrients. 
Of the four observed soils, Latosol has the lowest clay content and Podzol the highest. 
Clay minerals are the most important mineral constituents of soils (Bridges, 1993). 
However, the high presence of clay may prevent the flow of water, organic material and 
microfauna through the soil (Cook, 1965). 
Despite the need for further observations to further assess the affect of soil nutrient on the 
species, this study has shown that the overall growth rate of Aquilaria species was higher 
in soil where the pH was close to neutral. Nutrient content (N, P and K) contributed to the 
growth performance of the species. Light interaction may possibly interact with nutrient 
availability to affect the growth of Aquilaria spp. A number of authors have indicated 
that gap opening to some extent may increase soil nutrient availability (Bruijnzeel, 1992; 
Marrs et al., 1991; Sanford et al., 1991), but other studies reject this theory (Uhl et al., 
1988; Vitousek and Denslow, 1986). However, because of the limitation of lack of 
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replication this experiment was not able to test the interaction between soil and light 
availability. 
Populations of seedlings of A. microcarpa and A. malaccensis in the forest floor of both 
study sites were distributed irregularly near mature trees. This pattern of seedling 
distribution is common for tropical forests and in a very rich mixed forest, seedling 
populations are associated with the same species in the higher storey (Richards et al., 
1996). Liew and Wong (1973) confirmed that seeds and seedlings (to some extent) tend 
to be concentrated around parent trees. The distribution of A. malaccensis, A. beccariana 
and A. microcarpa near mature trees or presumably the parent trees is consistent with the 
Jansen and Connell hypothesis (Connell, 1971; Jansen, 1970) and Hubbell's theory 
(Hubbell, 1980) (Chapter III). However, the regression analysis of seedling growth 
(height) in association with distance to the mature trees (of the same species) was not 
significant (Figure 4.5). Other factors such light availability or competition appear to be 
more important factors for seedling growth than distance to the mature trees. 
With respect to competition, Brown and Whitmore (1992) conducted an experiment in 
the Danum Valley Conservation Area, Sabah and showed that mean seedling height of 
Hopea nervosa, Shorea johorensis and Parashorea malaanonan grown in a large gap 
and an area with competition treatment appeared to be slightly higher than that of 
seedlings of the species with no competition treatment. Although it was pointed out that 
height growth was proportional to original seedling size in all gaps, no formal test was 
showed, therefore the result could be lead to a misinterpretation. Kuusipalo et al. (1997) 
conducted a similar experiment in a logging concession in Kintap Southeast Kalimantan, 
and revealed that there was no significant difference between the average height of all 
seedlings of Shorea spp. in a crown-liberated area with zero competition with other 
species than that of seedlings in an untreated area where there was no crown liberation 
and no treatment of competition. However, in terms of basal area the experiment showed 
that basal area of Shorea spp. in a liberated area with no competition was two times 
higher than that of Shorea spp. in untreated area. 
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The result of latter experiment was consistent with the current observation of Aquilaria 
species. Regression analysis indicated that there is no significant relationship between 
growth rate of seedlings (i.e. height and shoot diameter of A. malaccensis and A. 
microcarpa) with density per unit areas (competition) in forest area of West and East 
Kalimantan (Figure 4.6). The nursery experiment also showed a similar result. No 
significant difference was observed between seedling densities with regard to their height 
and shoot diameter in the same soil type. However, a significant difference in leaf 
increment was recorded between single seedling and two seedlings grown in a pot with 
soil of the Latosol type (Figure 4.9). The results of this experiment show that density or 
competition does not affect the growth of seedling Aquilaria species either in the field or 
in the nursery. 
IV.5.2. Survivorship 
Survival in understorey areas is an important factor for determining the abundance and 
distribution of tree species prior to gap creation and thus determines the probability of a 
particular species replacing a fallen tree in the canopy (Boot, 1996). Seedlings and 
saplings usually grow quickly in the first years after gap formation, then growth declines 
subsequently, and as recruitment declines the mortality increases. There are many 
examples which support this theory (Brown and Whitmore, 1992; Turner, 1990; Brokaw, 
1985; Garwood, 1983; Swaine and Hall, 1983;). Seedling survival is also related to 
presence of predators. Richards et al. (1996) stated that a large proportion of young tree 
seedlings in tropical forest are destroyed by insect predators or by various mammals. 
Many seedlings in Malayan Dipterocarp forest die in the first year. 
Still (1996) recorded that the pattern of mortality of seedling Dipterocarps in Sabah 
varied with size among the species. Mortality rate of seedlings (50 cm height) of S. 
leprosula was higher (>30%) compared to seedlings of S. argentfolia (20%) at the same 
size. In addition, mortality rate of seedlings (100 cm) of S. argentfolia was higher 
(>27.5%) than seedlings of S. leprosula ( <10%) of the same size. Turner (1990) recorded 
that, in Malaysian tropical forest, in the first two months mortality of S. curtisii was over 
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60%. The major causes of mortality of seeds and germinated seedlings of Dipterocarps in 
Malaysian tropical forest was predation by insects. Turner (1990) in the same experiment 
also found that S. curtisii in gaps showed a higher survival over the first year compared 
with the shaded seedlings. 
Most seedlings of both A. malaccensis in the study site in West Kalimantan and A. 
microcrapa in the study area in East Kalimantan died during the first eight months 
(Figure 4.7). Although the cause was different, the mortality rate (excluding forest fire in 
East Kalimantan) in the two areas was similar (51% yeaf' for A. malaccensis and 48% 
year-1  for A. microcarpa). The major cause of mortality in the two study sites was 
trampling or cutting and fire for West and East Kalimantan respectively (Table 4.2). 
Local people in Sumatra and Kalimantan as in other places enter the forest for many 
reasons such as collecting wood, fire woods, non-timber forest products, hunting or even 
opening the ladang (shifting cultivation). Many of them on their way to their destination 
are also looking for gaharu. In the absence of forest officers they may enter the forest 
reserve area such as the study area in Kutai, East Kalimantan, therefore the observations 
of this major cause of Aquilaria seedling mortality in the two areas was not surprising. 
Widespread fire in Kalimantan in 1997 and 1998 was due to the El Niño Southern 
Oscillation (ENSO) and more than 170,000 ha of forests area were burnt (Byron and 
Shepherd, 1998). Shifting cultivation, forest conversion into oil palm, rubber and timber 
plantations were blamed as the cause of fire. In Kutai national park, where the study site 
was located, in 1997-1998 at least 70,000 ha of lowland forest was destroyed by fire 
(Warsito, Head of the national park, pers. comm.) and most (if not all) seedlings of 
Aquilaria species in the study area were burnt by fire. 
The occurrence of herbivores are important in forest areas. They can serve as seed 
disperser (Gautier-Hion, 1990; Howe, 1990). But these animals also frequently affect the 
forest community and eventually alter the species composition (Spurr and Barness, 1980). 
The impact of browsing and trampling are not homogeneous across the landscape. The 
effect varies with rainfall, slope, soil stability and animal density and animal distribution 
(Blesky and Blumenthal, 1997). Rusa deer and wild pig widely occur in East Kalimantan 
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sites while wild pigs are more common in the study site in West Kalimantan. In an 
experiment in the Botanical Garden, Bogor, the deer were found to consume the leaves of 
Aquilaria species. As an omnivore wild pigs consume a wide range of food, however 
there was no direct observation made for the wild pig. Trampling during browsing or 
feeding of the two species may also contribute to seedling mortality. 
Despite the aforementioned causes and because the interval of observations was relative 
long (four months), there may have been other causes of mortality which were 
overlooked and attributed as an unknown cause of mortality. Closer observations are 
needed to assess the other causes of seedling mortality of the species. 
IV. 5.3. Management Implications 
As mentioned earlier, some silvicultural aspects of Aquiaria spp. have been investigated 
(Chapter III), yet the challenge of inoculation of fungi on the plantation trees is still 
being investigated. Plantations of Aquilaria at Bogor, Java and elsewhere, such as in 
Assam, India, have not produced gaharu, hence harvesting of the product is still 
dependent on wild populations. 
As described earlier, the growth of A. malaccensis and A. microcarpa in both study areas 
appears to be associated with a wide range of light conditions. Seedlings and saplings of 
the species can grow in the deep shade but grow faster under gap areas or higher 
irradiance. The growth rate of seedlings of the species under gap area is higher compared 
to the growth rate of seedlings of some Dipterocarp species. This finding leads to the 
possible development of gap management for Aquilaria species. How big is the proper 
gap area for the young tree species in order to regenerate ? This study did not observe 
gap size but indicates a wide range of irradiance for which the young trees can grow 
rapidly (Figure 4.3). Further study on this species related to gap size may be advisable. 
The mortality rate of seedlings and saplings of both species in the two areas were higher 
than 50%. This rate of mortality is similar or even higher than some species of 
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Dipterocarp. In the case where a natural disaster occurred, such as a recent fire in East 
Kalimantan, most of the young plants die, hence, fire is a major influencing mortality 
factor that should be carefully observed. Human activities, regardless of the scale, can 
induce fire disasters. In addition, the study also showed that some of the major causes of 
seedling mortality were cutting and trampling. The latter was associated with human 
activities and to some extent browsing animals. To reduce the rate of mortality, it is 
advisable for the forest managers to prevent human activities near the populations of 
Aquilaria species. Although, owing to a lack of forest rangers, practically such advice in 
Sumatra and Kalimantan and in Indonesia in general may be difficult to implement, the 
approach can be delivered through forest extension systems. This extension could be 
undertaken regularly in each district near forest areas known as the sources of gaharu. 
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OF CURRENT HARVESTING GAHARU 
V.1. INTRODUCTION 
The concept of sustainability, which emerged in 1972 in "A Blueprint for Survival" 
(Basiago, 1995) has now become a fashionable term which is somewhat difficult to 
define. The Brundtland Commission in 1987 (Brundtland, 1987; WCED, 1987) defined 
sustainable development as the a concept of development which meets the needs of the 
present, without compromising the ability of future generation to meet their own needs. 
The concept applies at different scales, from global to national and from ecosystems to 
the management unit level (Newton, 1997; Sayer et al., 1997; Callicott and Mumford, 
1997; Bruenig, 1996). 
In forestry, sustainability concepts have been known for decades (Parry et al., 1983). 
Wiersum (1995) even pointed out that foresters have recognized the concept of 
sustainable yield for 200 years. In the past sustainable in forestry was associated with 
continued yield of timber (Parry et al., 1983). Nowadays, following the Agenda 21 
regarding Forest Principles (UNEP, 1992), it has been broadened to include ecological 
and social aspects (Newton, 1997; Wiersum, 1995; Cassells, 1995). There are many 
definitions of sustainable management of forest and a number of criteria and indicators 
have been proposed e.g. ITTO (ITTO, 1993, 1991), CIFOR (Prabhu, 1994), Soil 
Association, Forest Stewardship Council and Smart Wood (Newton, 1995). The concept, 
in general consists of three main components; ecological or environmental, social and 
economic aspects (Upton and Bass, 1995). Sustainable management of forest requires 
that a balance is maintained between economic and social benefits while maintaining the 
integrity of natural forest; which include of structure, biodiversity and ecological 
processes (Wiersum, 1995; Upton and Bass, 1995). 
The various criteria proposed for defining and assessing sustainable forest management 
generally apply to the national level or for assessing individual forest management units. 
There are very few examples which demonstrate sustainable management of timber or 
non timber forest product considered at the level of an individual species (Boot and 
Gullison, 1995). Newton (1997) suggested that sustainable management of forest should 
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also emphasize conservation of individual tree species. These issues have been addressed 
by the IUCN-WCMC trees conservation program (Oldsfield ci' al., 1998; WCMC, 
1997). 
One tropical tree genus which currently has been a focus of international attention is 
Aquilaria (Shyun, 1997; Ng et al., 1997; Hai and Yahya, 1996; Yamada, 1995; 
Chakrabarty et al., 1994; Beniwal, 1989). The species of this genus are a source of 
gaharu, a fragrant resinous wood, which ranks among the most highly valuable non 
timber forest products world wide (Yamada, 1995; Chakrabarty et al., 1994). At present, 
because the process of inoculations of gaharu in plantations has not yet been successful 
(Ng et al., 1997; Jalaluddin, 1977), the product is mainly collected from the wild 
(Chakrabarty et al., 1994). The high commercial value of gaharu stimulates the collection 
of gaharu to the level which may threaten the survival of the species in the wild 
(Chakrabarty et al., 1994). In 1994, because of the persistent pressure from international 
trade on gaharu in the wild, Aquilaria malaccensis was incorporated into Appendix II of 
CITES (CITES, 1994). The aims of CITES listing are to regulate international trade to 
ensure the conservation of the species in wild. 
For the last 20 years, Indonesia has been one of the major exporting countries for gaharu. 
The export mass of gaharu in 1995 and 1996 was more than 200 tons per annum 
(DJPHPA, 1997). Most gaharu is extracted from tropical forests in Sumatra, Kalimantan 
and recently in Irian Jaya. A number of authors have expressed the concern of the 
population status of Aqui!aria spp. in relation to trade in gaharu in Indonesia (see 
Momberg et al., 1997; Purwanto and Harahap, 1995; WWF, 1994; Roemantyo, 1992; 
Misran, 1987; Sidiyasa et al., 1986; Jessup and Peluso, 1985;). However, virtually none 
of them have focused on developing a basis of sustainable use of gaharu and its source 
host trees, Aquilaria spp. 
One practical approach to assess the sustainability of harvesting is to predict the future 
population structure and size based on the current population structure, growth 
information and fecundity of an individual species (Hall and Bawa, 1993). Population 
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matrix models, which were developed in 1945 by Leslie (Leslie, 1948,1945), have been 
demonstrated as a practical approach for long-term assessment of marked individuals 
from which the stability of a population can be determined (Hall and Bawa, 1993; Peters 
1990, 1991; Ogden 1979; Hartshorn, 1975; Usher 1966). This approach has also been 
shown to be useful for modeling the effects of harvesting non-timber forest product (Boot 
and Gullison, 1995; Peter, 1990). Matrix models may be used to simulate forest dynamics 
over time and predict age structure and size, as well as composition changes in response 
to different harvesting regimes (Pinard, 1993). 
The dominant latent root (AS) or coefficient regeneration in matrix model is a very 
important parameter. The X can be used to assess the stability, growth or decline of a 
study population. The X greater than 1.0 shows that population is increasing in size and 
vice versa. A ?, equal to 1.0 indicates that seedling establishment and mortality (or birth 
and death) rates are exactly balanced so that the population remain stable (Leslie, 
1948, 1945). 
This study aims to assess whether harvesting of gaharu from the wild is sustainable or 
not. In order to assess sustainability; (1) it is needed to evaluate whether populations of 
the species, which are the source of gaharu, can tolerate the degree of harvesting that 
they are currently experiencing; (2) whether the regenerative capacity of the population is 
sufficient to replace the number of individuals being removed by harvesting. This will be 
achieved by (1) assessment of harvesting in the field and (2) evaluating the regeneration 
coefficient (X) through matrix modeling of the current population structure. 
V.2. STUDY AREAS 
The observations of collecting gaharu in the field were undertaken in three different 
areas. The first was carried out in East Sumatra, in the provinces of Riau (10  15' N and 
1020 56' E) and Jambi (1 0 35' N and 1010  10' E) in particular. The second observations 
took place in West Kalimantan (0 0 40' N and 1090 55' E) and the third study was 
conducted in Northeast Kalimantan (2 0 45' and 116° E). 
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The study in Sumatra was undertaken in the area between the province of Riau, West 
Sumatra and Jambi. The visit started at Desa Kuntu, Kampar Kiri Riau (Bukit Rimbang 
Bukit Baling) and ended in nearby Bukit Tiga Puluh Nature Reserve (Pematang Rebah) 
Jambi. Traders in Pekanbaru Riau and collectors in Desa Kuntu advised the selection of 
the area. The study area was a lowland secondary forest of approximately 300 m.a.s.l. to 
upland dense tropical forest of approximately 800 m.a.s.l. which was dominated by 
mixed Dipterocarps at Bukit Tiga Puluh. The rainy season normally falls in this region 
between September to March and is followed by a dry season. The study, which lasted for 
the month of December 1996, was conducted during the wet season. Four transmigrant 
people of Sentojo resettlement, Riau who originally came from Java helped the study. 
These people are referred to as professional gaharu collectors (Figure 5.1). 
The study in West Kalimantan took place in two different areas. The first study was 
conducted in lowland secondary forest mixed with rubber plantation at an altitude of 
between 200-300 m.a.s.l. along the major road between Pahoman and Kembayan. The 
trip, which lasted for seven days in early March 1997, was helped by a middlemen and 
three gaharu collectors from Kecamatan Ngabang. The second trip was undertaken in 
lowland to upland of approximately 700 m.a.s.l. secondary forest between Kembayan up 
to the area around Gunung Bentuang, the northern area of the province. Three local 
people who were known as gaharu collectors of Than ethnic group of Desa Bintang, 
Pahoman helped the study which lasted for 15 days of March 1997. The wet season 
usually occurs in the area between September to March and the rest of the year is dry 
(Figure 5.2). 
The observation in East Kalimantan were conducted in two areas known as the sources of 
gaharu in East Kalimantan. The first trip was undertaken in Malinau upper watershed. 
The area ranges between 600 to 1400 m.a.s.1. and the vegetation was dominated by mixed 
Dipterocarps. The trip in this area lasted for 20 days of April 1988 was helped by four 
professional gaharu collectors of Punan ethnic group from Desa Long Jalan. The second 
trip took place in Bahau upper watershed which is located slightly to the east, next to 
Malinau upper watershed. The area has a similar altitude range with Malinau area. 
Likewise the dominant vegetation types are also similar. The trip was helped by four 
gaharu collectors of Kenyah ethnic group and lasted for 8 days. September to March is 
normally wet for most of the part of Malinau and Bahau areas. However, during the study 
a severe long drought occurred in these areas. There had not been rain for about 13 
months when this study was undertaken (Figure 5.3) 
The study area for population structure was carried out in two sites, West and East 
Kalimantan. Population studies of A. malaccensis took place between 6 January 1997 to 
24 December 1997 in West Kalimantan and the second study which focused on A. 
microcarpa was carried out in 9 December 1996 to 28 November 1997. The two sites 
were also used for the study of population inventory (Chapter II), phenology (Chapter III) 
and regeneration (Chapter IV). For a general figure of the two sites, see the previous 
chapter. 
V.3. MEHODS 
V.3.1. Field Observation 
Collecting of gaharu was observed by following the group of gaharu collectors in the 
three aforementioned locations. A group of collectors consisted of between three to four 
people depending on the length of the visits to the forest areas. The visit to forest area in 
East Sumatra took 16 days, while the visits to forest areas in West and East Kalimantan 
last for 17 and 24 days respectively. 
The located tree species were identified in the field using Ding Hou (1960). The 
observations included tree diameter at breast height (dbh) and height (h) of each tree 
encountered. A measuring tape was use to calculate the dbh while the height of tree was 
estimated visually. The frequency of encountering trees of Aquilaria spp. each day and 
the frequency of felling (Aquilaria spp.) day' in each study area was recorded. The 
number of recent felled Aquilaria spp. trees located in the field was also recorded. 
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With respect to the ecological impact of harvesting, the number of young tree (i.e. 
seedling <1 m, sapling 1-3 m and poles < 5cm dbh) of Aquilaria spp. and other species 
which appeared to have been destroyed by tree felling or trampling during felling 
activities was also noted. The yield of gaharu wood (kg) according to grade was also 
observed. Each fresh product was measured using a spring balance to the nearest 0.0 1kg. 
The grade of gaharu varies according to region and species origin. Momberg et al.( 1997) 
classified the grade of gaharu in East Kalimantan into eight classes. Yet for the tax 
purposes, the Ministry of Forestry Indonesia only classifies grade into two classes, gubal 
and medang. Gubal is considered as a medium to high quality of gaharu while medang 
consists of low to very poor quality of gaharu. For simplicity, the study follows a two 
grade system. Gubal covers class 1, 2 and 3 while medang consists of class 4 and above. 
The classification of gaharu was mainly undertaken by the collectors based on experience 
and comparison to a control sample of gaharu of known quality, which was brought 
during each trip. 
V.3.2. Production 
Gaharu production data in Sumatra and Kalimantan were collected from the Indonesia 
Central Bureau for Statistics (BPS) in Jakarta. The trade data were recorded between 
1986 to 1996. The trade of gaharu between 1995 to 1997 was recorded form the CITES 
Management Authority of Indonesia (PHPA) in Jakarta. 
V.3.3. Estimation of Felled Tree 
An estimate of the number of felled trees of Aquilaria spp. in East Sumatra (Riau) and 
Kalimantan i.e. West and East Kalimantan was predicted on the basis of current trade 
figures for gaharu, using a probability distribution of the mass of gaharu. A probability 
function was produced using the frequency distribution of the mass of gaharu harvested 
from individual trees, obtained from field data. The best fit probability function was 
obtained using Kolmogorov-Smimov test and x2  test. 
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To estimate the number of felled trees, a point on the probability distribution was 
randomly generated and both variables (i.e. mass of gaharu and associated frequency of 
trees) were estimated. This process was iterated until the total mass of gaharu was equal 
to the total mass of traded gaharu defined in the regional trade i.e. West Kalimantan. 
This process was repeated ten times to estimate mean total number of trees felled and 
associated standard error (Pritsker, 1986; Law and Kelton, 1991). A simple macro of 
Minitab version 9.1 was developed to run a simulation (Appendix 5.1). 
V.3.3. Modeling of Population Structure 
Studies of population structure were undertaken in West and East Kalimantan where the 
previous study of population density and seed production was conducted (Chapter II and 
III). All of the Aquilaria spp. located in the study sites in West and East Kalimantan 
were selected for the observed trees. The trees consisted of 22 of young and mature trees 
of A. microcarpa in East Kalimantan and 24 trees of A. malaccensis in West Kalimantan 
respectively (For method of locating the trees see Chapter II). 
The young trees nearby the mature trees were classified into seedling (<0.5 in height), 
sapling 1 (0.5-<1 .0 m height), sapling2 (1.0-<2 in height), juvenile (2.0-3.0 m height or 
dbh < 5 cm), pole (5.0-10cm dbh), whereas the mature trees were classified into adulti 
(>10-<30cm dbh), adult2 (30-50 cm dbh) and adult3 (>50 cm dbh). All selected 
individual seedlings and saplings were tagged. 
The populations of the two species were grouped into nine classes and nine different life 
cycles stages (SO-SO. The pre-reproductive and young trees are represented by seeds (So), 
seedlings (Si), saplings (S2..3) and juvenile (S4). The mature trees were classified into 
poles (S 5), young (S6), adult (S7) and very adult (S8). The data of germination, fecundity 
and growth rate were taken from the study of phenology and regeneration (for methods 
see Chapter III and IV; Figure 5.4). 
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A transition matrix approach (Caswell, 1989; Peters; 1990) was used to assess the 
population structure and size of Aquilaria spp. in the two study sites Kalimantan under 
persistent harvest, over a period of 30 years. The period was selected arbitrarily owing to 
the limited knowledge of the species life span. The method for constructing life table and 
transition matrix follows Leslie (1948), Usher (1966) and Peters (1990). Multiplying the 
transition matrix by the current population structure yield the size and age structure of the 
population at one time interval in the future. Repeated multiplication the column vector in 
transition matrix with current population structure will eventually produce the dominant 
latent root of the transition matrix (?. ) (see Usher, 1996; Peters 1990). This study used 
Maple version 5 program (Waterloo Maple, Inc. Canada) to calculate the value of X. 
Standard error of was calculated based on the ranges of fecundity, survival and growth 
of each species as a measure of sensitivy. Three scenarios were set to assess the future 
population structure. 
The first scenario was set up to assess the model of population structure of A. 
malaccensis and A. microcarpa in the two study areas over 30 years without any 
harvesting of mature trees. The second scenario was set up to predict the population 
structure of the two species in the two different study areas over the same period based 
on one harvesting of 30 % mature trees with 10% seedling damage. The third scenario 
was to assess the population stability of the two species under annual harvesting of 100% 
mature trees with 30% seedling damage. 
To assess the long-term impact of harvesting on the population stability of the two 
species, value of ? was analyzed based on the different degree of logging intensity 
(repeated logging of all trees >50cm dbh; >30 cm dbh; >10 cm dbh and >5 cm dbh). The 
value of ?. was also assessed based on various logging rotations with the minimum dbh 
between 5 to 10 cm. 
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V.4. RESULTS 
V.4.1. Harvest Techniques 
Two methods of collecting gaharu from the infected trees (Aquilaria spp.) were noted. 
The first is simply to fell the infected tree and slice off the bark and sapwood of the trunk 
or even roots of the tree at the place which is suspected to contain gaharu. Parang and 
kapak (axe) are used to fell and chop down the tree. The activity ends with the crude 
gaharu wood. The crude woods are collected and sliced up into very fine gaharu. The 
process of thinning gaharu is called as servis for dayak Iban, puncut for dayak Punan 
and pahat for dayak Kenyah. This technique is commonly applied by gaharu collectors in 
Sumatra and Kalimantan (Hartadi, 1997; Soehartono and Mardiastuti, 1997). 
The second technique of collecting was called tubuk. This practice was commonly used 
in East Kalimantan. Tubuk involves slicing off part of the trunk of the infected tree 
(Aquilaria spp.) without necessarily felling the tree. Tubuk took place at the trunk 
underneath the first branch. Slicing and chopping was effected up to the nearest part of 
the inner core of the wood leaving the main part of the trunk intact. This technique was 
widely used by Punan and Kenyah ethnic groups in East Kalimantan. The chopped 
woods collected from the trunk will also be sliced to become a commercial gaharu. 
V.4.2. Aquilaria spp. Encountered in the Field Visits 
Three species of Aquilaria spp (trees) are frequently located in natural forest of Sumatra 
and Kalimantan. Although A. beccariana is relatively distinct, a difficulty was 
encountered in separating individual trees of A. malaccensis and A. microcarpa as they 
look alike. Identification based on leaf characteristics alone may be misleading. 
Unfortunately, none of the located trees were flowering or fruiting during the period of 
observation. Species that were located in Sumatra appeared to be A. malaccensis and A. 
microcarpa. Similarly, A malaccensis, A microcarpa and A. beccariana were located in 
Kalimantan. The opportunity to locate the species during the study in each area was 
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extremely low especially for Sumatra as indicated in Table 5.1. These data indicate that 
locating the species in Sumatra and Kalimantan was extremely difficult. Surprisingly, 
none of the located trees of A. beccariana in East Kalimantan had a dbh of more than 20 
cm (Table 5.3). Most of the located A. beccariana in East Kalimantan had a smaller dbh 
compare to the other Aquilaria species (t-test =7.30 for p<0.05, df=95 for A. malaccensis 
in West Kalimantan). The frequency of recently felled trees of Aquilaria spp. was higher 
in East Kalimantan compared to other areas (t-test =3.57 p<O.OS for df=31 for Melinau 
and West Kalimantan) (Table 5.2). 
V.4.3. Harvesting 
During the 16 observation days in East Sumatra, 16 trees of Aquilaria spp. were located 
of which 14 trees were felled. With respect to West Kalimantan, 24 trees of Aquilaria 
spp. were located in 17 days and of these numbers 22 trees were felled whereas in East 
Kalimantan during the 24 days visit to the forest 77 trees of Aquilaria spp. were located 
of which only 24 trees were cut down (Table 5.1). Statistically there was no significant 
difference among the mean number of trees felled per day in East Kalimantan and West 
Kalimantan (t-test = 0.55 for p< 0.05 df=44), but the value for Sumatra was significantly 
lower compare to the mean value of the other two locations (t-test =2.10 for p<0.05 df 
=26). 
V.4.4. Ecological Impacts of Harvesting 
Felling potential has an impact on the young trees of Aquilaria spp. and other species. 
Table 5.4 compares the mean impact of fallen trees (Aquilaria spp.) resulting from gaharu 
collection on the young trees for each site. The mean number of seedlings and saplings 
damaged by fallen trees was significantly higher in West Kalimantan compared to East 
Kalimantan (t-test = 5.25 p<0.05, df=44 for seedling; t-test =3.62 p<0.05, df44 for 
sapling and t-test =3.18 p<0.05, df=44 for other species). 
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With regard to trampling (Table 5.5), the impact varied between location and size classes. 
The mean number of damaged seedlings in West Kalimantan was significantly higher 
compared to East Kalimantan (t-test=4. 16, p<0.05 df=44). For sapling stages, there was 
no significant difference among the means of damaged saplings within two areas in 
Kalimantan (t-test = 0.33, p<0.05 df=44), or for other species in the two areas (t-
test=0.43, p<0.05 df=44). The mean number of poles required for construction of a camps 
appeared to be no significant different between East and West Kalimantan (t-test = 2.27, 
p< 0.05, df= 1 9)(Table 5.8). These poles were felled from the nearby camp site and 
normally consisted of non-A quilaria spp. There was no observation of poles required for 
construction of camps in East Sumatra. 
V.4.5. Yield 
The mean quantity of high grade products of gaharu (gubal) from each felling according 
to site appeared to be extremely low i.e. 0.14 kg tree 1  for Sumatra, 0.18 kg tree for 
West Kalimantan and 0.17 kg tree ' for East Kalimantan. The amount of gubal felled, in 
the same tree, was obviously lower than medang i.e. 2.13 kg treed for Sumatra (t-test 
=3.41, p<0.05, df=14 for Sumatra). There was no significant difference among the means 
of yield felled tree between the sites in Kalimantan (t-test=0.71, p<0.05, df=44) (Table 
5.7). 
Compared to East Kalimantan, the mean mass of medang felled tree' in West 
Kalimantan was significantly higher (t-test= 4.60, p<0.05, df=44). Yet there was no 
significant difference between the means of medang felled treed in West Kalimantan and 
Sumatra (t-test=0.98, p<0.05 df=28) (Table 5.7). 
V.4.6. Production 
According to the trade figures, the production of gaharu (gubal and medang) in East 
Sumatra and Kalimantan fluctuated markedly form year to year. In general, production 
of medang from the three regions appeared to be higher than gubal. For the ten year 
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period production of gubal from West and East Kalimantan and East Sumatra 
demonstrated contrasting fluctuations. The production of gubal and medang from West 
and East Kalimantan in general has declined since 1986. There was no production of 
gubal from East Sumatra in 1986 to 1987 and it recommenced in 1988 for six 
consecutive years except in 1991 before it declined to zero in 1995 to 1996 (Table 5.8). 
V.4.7. Felling Estimate 
The probability distribution of gaharu yield (gubal and medang) in each felling from 
each location was different (uniform and gamma distribution for Sumatra and West 
Kalimantan respectively) (Table 5.9). The probability distribution of the damaged 
offspring, due to fallen trees or trampling, in each felling had a relatively similar pattern 
between sites (Table 5.10). The simulation estimates the annual felling of Aquilaria spp. 
corresponding to the annual trade of gaharu (gubal and medang) in each study area 
between 1991 to 1996 (Table 5.8 and Figure 5.5). The model indicates that the mean 
number of felled Aquilaria spp. trees over the period was constantly higher in East 
Kalimantan, typically more than 40,000 trees year -1 and peaking in 1996 with over 
80,000 trees. The mean number of felling in West Kalimantan was less than 20,000 trees 
annually. Felling in East Sumatra (Riau) declined sharply over the period; the estimated 
maximum of means of trees felled in Riau occurred in 1992, with the value of 58,973 
trees of Aquilaria spp. (Figure 5.5). 
With regard to the impact of felling, it is estimated that the mean number of damaged 
seedlings and saplings of the species was very high in Riau in particular in 1992 when the 
trade volume in his region was also high. The mean number of damaged seedlings of the 
species over the period in general exceeded the mean number of damaged saplings (t-test 
= 3.99 for p<O.Ol)  (Figure 5.6). The pattern of damaged seedlings and saplings of the 
species in each region resulting from felling activities corresponded to the estimated 
number of trees felled in respected area over the same period. However, the mean 
number of damaged young trees of other species owing to felling activities was high in 
East Kalimantan and slightly lower in West Kalimantan. It appeared that felling of 
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Aquilaria spp. in Riau was less destructive to the young trees of other species compared 
to the other two regions (Figure 5.8). 
With respect to the impact of trampling on seedlings and saplings of Aquilaria spp. 
during collecting gaharu in the three regions, it was estimated that the mean number of 
damaged seedlings was higher in West Kalimantan compared to Riau and East 
Kalimantan (Figure 5.7). 
V.4.8. Population Structure 
In general, the population structure of A. malaccensis and A. microcarpa in West and 
East Kalimantan study sites is similar. The fecundity of A. malaccensis was smaller than 
A. microcarpa. On the contrary the growth probability of A. malaccensis is slightly 
higher than A. microcarpa. Germination probability of A. malaccensis was higher 
compared to A. microcrapa (Figure 3.5; Chapter III), however, the overall probability of 
survival of A. microcarpa of is slightly higher than A. malaccensis (Table 5.11 and 5.13). 
The dominant latent root (X) of A. malaccensis in West Kalimantan and A microcarpa in 
East Kalimantan are 1.22 and 1.20 respectively (Table 5.12 and 5.14). This indicates that 
the populations are increasing over this interval. 
Based on the current population structure and scenario one, the model predicts that over 
30 years period none of trees of A. malaccensis (>30 cm dbh) in West Kalimantan 
increase in number significantly (i.e. to 100 individuals). The number of poles and young 
trees appear to increase in number; poles (5-10 cm dbh) reach over 2,500 individuals; 
while number of young trees (>10-< 30 cm dbh) increases to approximately 500 
individuals. On the contrary, based on scenario one for A. microcrapa in East 
Kalimantan, apart from the increase in number of poles which reach almost 3,000 
individuals, the increase in number of adult trees (30-<50 cm dbh) is higher than young 
trees (>10-<30 cm dbh). However, the increase in number of larger adult trees is similar 
to A. malaccensis in West Kalimantan (Figure 5.9). 
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The scenario two suggested that number of A. malaccensis individuals, particularly for 
the class size of poles and young trees, will decline by 9.55% compared to the figure in 
scenario one. However, over the same period, no new trees of above 30 cm dbh are 
evident. The third scenario suggested that annual harvest of the trees above 5 cm dbh 
will cause the extinction of A. malaccensis population in this area in a 16 year period 
(Figure 5.10). 
Similar results are also displayed by A. microcarpa in East Kalimantan. Compared to 
scenario one, the second scenario will reduce by 12 % of the future population size of 
poles, young trees (>10-<30cm dbh) and adult trees (30-50 cm dbh). Increasing annual 
harvest to 100% with 30 % seedlings or saplings damaged (scenario three) will cause the 
extinction of this population in the area within a 19 year period (Figure 5.11). 
Based on the regeneration coefficient (?), the model indicates that for A. malaccensis, the 
species will survive if harvesting is set at a minimum dbh of above 10 cm (X = 1.15). 
Logging the trees below the minimum set level will cause the population to crash 
(2=0.67). For A. microcarpa, the model shows that the safest harvest is set at a 
minimum dbh above 30 cm (X=1.06). Crossing the minimum dbh will cause species 
extinction (A.=0.96) (Figure 5. 12). If various logging rotations were applied it appears 
that for A. malaccensis, a five year logging rotation with a minimum dbh of cutting at 10 
cm will maintain long term stability of the population structure. In contrast, to survive, 
A. microcarpa requires a longer rotation period (15 years) (Figure 5.13). If annual 
logging is required for both species, the model predicts that for the harvest to be 
sustainable, harvest intensity should be set at a maximum of 30% for all harvestable 
stands (>10 cm dbh) (Figure 5.14). 
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Table 5. 1. Frequency of individual trees of Aquilaria spp. and the average felling of the 
trees in visits to three study sites 
Location N No. of No. of adult trees Total of No. of trees Estimated total 
trees encountered day trees felled day' area covered 
located felled by visits (ha) 
East Sumatra 16 16 1.00 ± 0.37 14(88%) 0.88± 0.50 250 ha 
(Riau) 
West 17 24 1.53 ± 1.07 22(92%) 1.41± 1.06 300 ha 
Kalimantan 
(Ngabang) 




Value for column 4 and 6 are means and SE; N: Days; Trees: Aquailaria spp. For 
methods see text. 
Table 5.2. Frequency of previously felled trees ofAquilaria spp. encountered during field 
visits to three sites 
Location 	 N 	No. of trees located which had 
(days) 	been cut prior to field visit 
Sumatra (Riau) 	 16 
West Kalimantan (Ngabang) 	17 0.36± 0.49 
East Kalimantan (Malinau and 24 
	
4.38± 3.88 
ues for column 3 are means and SE. For methods see texts. 
Table 5.3. Mean of diameter at breast height (dbh) and height of either felled or partially 
cut trees of Aquilaria spp. which were felled by local people during visits to three sites 
Location 	 No. of trees 
felled or 
partially cut 	Species 	Dbh (cm) 	Height (m) 
East Sumatra 	 14 	A. malaccensis 	27.98± 7.85 	26.50±5.24 
(Riau) 
West Kalimantan 	22 	A. microcarpa 	30.56± 14.54 	26.10± 8.66 
(Ngabang) 
East Kalimantan 	77 	A. beccariana 	14.55± 7.07 	9.90 ± 4.19 
(Malinau and 
Bahau) 
Value for column 4 and 5 are means 	 cut only occurred in East 
Kalimantan. For methods see text. 
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Table 5.4. Number of young trees of Aquilaria spp. and other tree species damaged by 
felling ofAquilaria spp. assessed during visits to three sites 
Number of young trees damaged by felling of Aquilaria spp. 
Location N Aquilaria spp. Other species 
Seedlings Saplings Poles 
Sumatra (Riau) 16 0.81±0.46 0.27±0.16 0.00±0.00 1.00±0.94 
West Kalimantan 22 3.27±3.34 1.27±1.17 0.09±0.09 2.05±1.24 
(Ngabang) 
East Kalimantan 24 0.12±0.03 0.04±0.01 0.00±0.00 0.45±0.27 
(Malinau and Bahau) 
Partial cutting was excluded. Values for column 3-6 are means per tree felled and SE. - 
Seedlings = <1 in height; Sapling = 1-3 in height; Poles = >3 in height and < 5 cm dbh; 
"Other species" included seedlings, saplings and poles combined. For methods see text. 
Table 5.5. Number of young trees of Aquilaria spp. and other tree species damaged by 
trampling during felling and partial cutting ofAquilaria spp. assessed during visits to 
three sites 
Number of young trees damaged by trampling 
Location 	 N 	Aquilaria spp. 	 Other spp. 
Seedlings 	Saplings Poles 	Others 
Sumatra (Riau) 	16 	2.12±1.16 0.18±0.04 	0.00±0.00 	1.50±0.51 
West Kalimantan 	22 	7.00±5.55 	0.59±0.21 	0.00±0.00 	2.05±0.98 
(Ngabang) 
East Kalimantan 	24 	1.13±0.11 	0.25±0.17 	0.00±0.00 	1.66±1.03 
(Malainau and 
Bahau) 
East Kalimantan** 	53 	1.70±0.39 	0.58±1.27 	0.00±0.00 	2.09±1.72 
(Malainau and 
Bahau) 
** Partially cut. Value for column 3-6 are means per tree felled and SE. Seedlings = <1 
in height; Sapling = 1-3 in height; Poles = >3 m height and < 5 cm dbh; Other species 
included seedlings, saplings and poles combined. For methods see text. 
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Table 5.6. Number of poles of other tree species required for construction of each 
camping site during visits to three sites 
Locations 	 N (sites) No. of poles 	Ranges of dbh 
(cm) 
Sumatra (Riau) 	Nr 	Not recorded 	Not recorded 
West Kalimantan 	10 	3 5.89± 8.94 
(Ngabang) 
East Kalimantan 	11 	29.82± 23.18 
(Malinau and Bahau) 
ralue for column 3 are means and SE. Nr: Not recor 
3.18-10.00 
3.18-11.15 
For methods see texts. 
Table 5.7. The yields of gaharu (kgs) per felled tree or partially cut assessed during visit 
to three sites 
N Mean yield per felled or partially cut 
Location trees according to grade of gaharu 
Gubal (kg) 	Medang (kg) 
Sumatra (Riau) 16 0.14 ± 0.11 2.13 ± 1.34 
West Kalimantan (Ngabang) 22 0.18± 0.16 	4.08 ± 4.00 
East Kalimantan (Malinau and 24 0.17 ± 0.11 0.26 ± 0.21 
Bahau) 
East Kalimantan*  (Malinau and 53 0.10 ± 0.10 	0.19 ± 0.15 
Bahau) 
*Partially cut. For methods and definition of Gubal and Medang see text 
Table 5.8. Production of gaharu from three locations in Indonesia between 1986-1996 
Year Production of gaharu (kg) according to places and grade 
East Sumatra (Riau) West Kalimantan East Kalimantan 
Gubal Medang Gubal Medang Gubal Medang 
1986 0.00 93.00 22861.00 643913.00 12170.00 200,000 
1987 0.00 0.00 16893.00 385566.00 13839.00 150,000 
1988 5181.00 Nr 9289.00 1556692.00 6410.00 556,000 
1989 1829.00 Nr 12804.00 35865.00 540.00 200,000 
1990 22351.00 Nr 9431.00 18832.00 6370.00 0 
1991 0.00 1593.00 2009.00 5512.00 6310.00 0 
1992 5189.00 12617.00 1747.50 31252.00 3530.00 300,000 
1993 100.00 1000.00 0.62 6.02 . 7020.00 549,000 
1994 988.00 9694.00 0.00 0.00 3430.00 0 
1995 0.00 0.00 2602.00 3412.00 3460.00 0 
1996 0.00 0.00 1967.00 2995.00 13105.00 0 
Sources: BPS, 1986-1996; Nr= no record. 
i Eel V 
Table 5.9. Probability distribution of gaharu and medang from each felling in three study sites 
Location 	Variables 	Probability distribution 	KS test (p value 	Y test (p value 
coefficient 	 for p<0.05) 	for p<0.05) 
Sumatra 	Gubal 	Uniform (0.00;0.30) 	0.27(0.90) Na 
Medang Weibull (0.17;2.39) 0.18(0.79) Na 
West Kai. 	Gubal Gamma (1.00;0.08) 0.28(0.89) 7.01 (0.90) 
Medang Weibull (0.95;3.99) 0.17(0.92) 4.91 (0.90) 
East Kai. 	Gubal Normal (0.15;0.18) 0.42(0.95) 5.33 (0.90) 
Medang Gamma (1.00;0.15) 0.21(0.79) Na 
KS= Kolmogorov Smirnov, Na- Not able to analyze due to the too few interval for X test. The 
number of felling is correspond to Table 1. Uniform: Mean and probability; Weibull: a, 13; 
Gamma: a, 13;  Normal: jt,2;  For methods see text. 
Table 5.10. Probability distribution of damaged seedlings and saplings of Aquilaria spp. and 
young specimens of other species from each felling in three study sites 
Location 	Variables Probability distribution KS test (p value 
for p<0.05) 
X2 test (p<O.OS) 
Sumatra 	Seedlingi Uniform (0.00;0.30) 0.32(0.90) Na 
Saplingi Uniform (0.00;0.10) 0.23(0.88) Na 
Others  Binomial (2;0.54) 0.16(0.78) Na 
Seedling2 Poisson (0.33) 0.2 1(0.67) Na 
Sapling2 Poisson (0.18) 0.32(0.91) Na 
Other2 Poisson (1.36) 0.25(0.92) Na 
West 	Seedling 1 Poisson (3.27) 0.3 7(0.87) 4.78(0.82) 
Kalimantan 
Saplingi Poisson (1.27) 0.22(0.90) 6.79(0.90) 
Others! Poisson (2.05) 0.28(0.66) 4.89(0.60) 
Seedling2 Uniform (0.00;22) 0.36(0.71) 4.07(0.70) 
Sapling2 Poisson (0.59) 0.08(0.88) Na 
Others2 Poisson (2.04) 0.19(0.85) 3.89(0.88) 
East 	Seedling 1 Poisson (0.13) 0.0 1(0.93) Na 
Kalimantan 
Sapling! Poisson (0.04) 0.01(0.88) Na 
Others! Poisson (0.46) 0.03(0.90) Na 
Seedling2 Binomial (3.00;047) 0.19(0.87) Na 
Sapling2 Poisson (0.25) 0.05(0.90) Na 
Others2 Binomial (3.00;0.37) 0.14(0.88) Na 
KS= Kolmogorov Smirnov, Na- Not able to analyze due to the interval forX2 test being to 
small. The number of felling corresponds to Table 1. Uniform: Mean and probability; Poisson:A.; 
Binomial: t and p.  1 refers to damage by fallen trees; 2: refers to damage by trampling. For 
methods see text. 
Table 5.11. 	Life table data for A. malaccensis populations in study sites in West 
Kalimantan. All rates expressed on yearly basis; growth rate units are cm yeai' both for 
height and diameter classes. Seedlings, saplings and juvenile classes are based on height. 
Poles and adults classes are based on diameter at breast height (dbh). For methods see 
text. 
Stage N 	Survival Growth Moving Remaining Fecundity 
Seed So 4850 0.72 0 1.00 . 	0.00 0 
Seedling (<0.5 height) Si 79 0.15 0.51 0.49 0.51 0 
Sapling 1(0.5-< 1 m height) S2 81 0.41 0.35 0.36 0.64 0 
Sapling 2 (1- <2 m height) S3 48 0.62 0.25 0.25 0.75 0 
Juvenile (2-3 m height S4 7 0.66 0.11 0.12 0.88 
or < 5 cm dbh) 
Poles (5-10 cm dbh) S5 4 0.60 0.16 0.21 0.79 3544 
Young(>10-<30 cm dbh) S6 6 0.70 0.03 0.03 0.97 9882 
Adult (30-50 cmdbh) S7 10 0.40 0.02 0.04 0.96 8146 
Very adult (>50 cm dbh) S8 4 0.30 0.005 0 1 2622 
Table 5.12. Transition Matrix for A. malaccensis populations in study sites in West 
Kalimantan. Probability value were rounded off to two digits. For methods see text. 
Stages 
SO Si S2 S3 S4 S5 S6 S7 S8 
o 0 0 0 0 3544 9882 8146 2662 
0.72 0.07 0 0 0 0 0 0 0 
0 0.07 0.26 0 0 0 0 0 0 
0 0 0.15 0.47 0 0 0 0 0 
0 0 0 0.16 0.51 0 0 0 0 
0 0 0 0 0.08 0.47 0 0 0 
0 0 0 0 0 0.12 0.67 0 0 
0 0 0 0 0 0 0.02 0.38 0 
0 0 0 0 0 0 0 0.01 0.3 
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Table 5.13. 	Life table data for A. microcarpa populations in study sites in East 
Kalimantan. All rates expressed on yearly basis; growth rate units are cm yeai' both for 
height and diameter classes. Seedlings, saplings and juvenile classes are based on height. 
Poles and adults classes are based on diameter at breast height (dbh). For methods see 
text. 
Stage N 	Survival Growth Moving Remaining Fecundity 
Seed So 12126 0.59 0 1 0 0 
Seedling (<0.5 height) Si 79 0.41 0.58 0.14 0.86 0 
Sapling 1(0.5-< 1 m S2 94 0.29 0.28 0.29 0.71 0 
height) 
Sapling 2 (1- <2 m S3 43 0.61 0.19 0.12 0.88 0 
height) 
Juvenile (2-3 m height or S4 8 0.71 0.08 0.25 0.75 0 
<5 cm dbh) 
Poles (5-10 cm dbh) S5 3 0.70 0.16 0.17 0.83 530 
Young(> 1 0-<3 0 cm dbh) S6 1 1 0.03 1 0 26697 
Adult (30-50 cm dbh) S7 7 1 0.02 0.04 0.96 15898 
Very adult (>50 cm dbh) S8 11 1 0.01 0 1 13147 
Table 5.14. Transition Matrix for A. microcarpa populations in study sites in East 
Kalimantan. Probability value were rounded off to two digits. For methods see text. 
Stages 
SO SI S2 S3 S4 S5 S6 S7 S8 
0 0 0 0 0 535 26697 15898 13147 
0.59 0.35 0 0 0 0 0 0 0 
0 0.05 0.21 0 0 0 0 0 0 
0 0 0.08 0.53 0 0 0 0 0 
0 0 0 0.07 0.53 0 0 0 0 
0 0 0 0 0.17 0.58 0 0 0 
0 0 0 0 0 0.11 0 0 0 
O 0 0 0 0 0 1 0.96 0 
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Figure 5.1. Study area of harvesting gaharu in East Sumatra (scale 1: 500,000; 












Figure 5.2. Study area of harvesting gaharu in West Kalimantan (scale 1: 500,000; 
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Figure 5.3. Study area of harvesting gaharu in East Kalimantan (scale 1:500,000; 
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Figure 5.5. Estimated number of trees of Aquilaria spp. felled for harvesting of gaharu in three different regions, West Kalimantan, 
(left), East Kalimantan (center) and Riau, East Sumatra (right). Bars: estimated no of trees felled; Lines: mass of gaharu traded. For 
methods see text. 
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Figure 5.6. Estimated number of damaged seedlings (a) and saplings (b) of Aquilaria spp. due to fallen trees during harvesting of 
gaharu in three different regions; West Kalimantan (left), East Kalimantan (center) and Riau, East Sumatra (right). Bars: estimated 
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Figure 5.7. Estimated number of damaged seedlings (a) and saplings (b) ofAquilaria spp. due to trampling during harvesting of 
gaharu in three different regions; West Kalimantan (left), East Kalimantan (center) and Riau, East Sumatra (right). Bars: estimated 
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Figure 5.8. Estimated number of damaged seedlings, saplings and poles of other species due to fallen trees and trampling during 
harvesting of gaharu in three different regions; West Kalimantan (left), East Kalimantan (center) and Riau, East Sumatra (right). Bars: 
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Figure 5.9. Future population structure of A. malaccensis in 60 ha forest in West 
Kalimantan (left) and A. microcarpa in 200 ha forest in East Kalimantan (right) under 
scenario 1. Poles: 5-10 cm dbh; Adulti :>10-<30 cm dbh; Adult2:30-50 cm dbh and 
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Figure 5.10. Future population structure of A. malaccensis in 60 ha forest in West 
Kalimantan under scenario 2 (left) and scenario 3 (right). Poles: 5-10 cm dbh; 
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Figure 5.11. Future population structure of A. microcarpa in 200 ha forest in East 
Kalimantan under scenario 2 (left) and scenario 3 (right). Poles: 5-10 cm dbh; 
Adultl:>10-<30 cm dbh; Adult2:30-50 cm dbh and Adult3:>50 cm dbh. For methods see 
text. 
Figure 5.12. Relationship between degree of logging and regeneration coefficient () of 
A. malaccensis grown in 60 ha forest in West Kalimantan (left) and A. microcarpa grown 
in 200 ha forest in East Kalimantan (right). 1: Logging of all trees >50 cm dbh; 2: 
Logging of all trees >30 cm dbh; 3: Logging of all trees >10 cm dbh and 4: Logging of 
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Figure 5.13. Relationship between logging rotation (at minimum dbh >10 cm) and 
regeneration coefficients (X) of A. malaccensis grown in 60 ha forest in West Kalimantan 
(left) and A. microcarpa grown in 200 ha forest in East Kalimantan (right). Bar is 
standard error with 95% confident interval. For methods see text. 
Figure 5.14. Future population structure of A. malaccensis in 60 ha forest in West 
Kalimantan (left) and A. microcarpa in 200 ha forest in East Kalimantan under 30% 
logging intensity at all commercial stages with 5 years rotation for A. malaccensis and 15 
years rotation for A. microcarpa. Poles: 5-10 cm dbh; Adultl:>10-<30 cm dbh; 
Adult2:30-50 cm dbh and Adult3:>50 cm dbh. For methods see text. 
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V.5. DISCUSSION 
V.5.1. The Extent and Pattern of Harvesting 
The mean frequency of encountering individual trees of Aquilaria spp. day' in the three 
different selected locations appeared to be very low i.e. one individual tree day' in East 
Sumatra and three to four individual trees day' in East Kalimantan. Similar observations 
in 1982-1986 in Brunei Darussalam revealed that in a one day trip to the mixed 
Dipterocarp forest area the collector encountered ten trees ranging from small seedlings 
to medium size trees of 30 cm dbh (Yamada, 1995). The data of this study suggested that 
except for East Kalimantan, populations of the species in the two locations were very 
low e.g. 16 individual trees in 250 ha area covered by the visit to East Sumatra and 17 
individual trees in 300 ha area in West Kalimantan (Table 5.1). The inventory of A. 
malaccensis in Northern Bengkulu, Sumatra in 1987 indicated that population density of 
this species was approximately 2.8 ha' (Misran, 1987). In 1991, a similar inventory in 
the same region revealed that species density had declined to 2 ha -1 (Roemantyo, 1992). 
The records from NFl also indicated that the population density of Aquilaria spp. in 
Sumatra was very low (less than one individual of tree h&', Chapter II). However, the 
density data presented in Table 5.1 should be interpreted with caution, as searching for 
gaharu is not the same as species inventory. 
The means dbh of the located trees of Aquilaria spp. in the selected locations were also 
classified relatively small (e.g. mean dbh of A. malaccensis in East Sumatra was 27.9 cm 
and mean dbh of A. microcarpa in West Kalimantan was 30.5 cm; Table 5.3). Ding Hou 
(1960), Sidiyasa (1986), Sidiyasa and Suharti (1987) indicated that mature trees of A. 
malaccensis, A. microcarpa in Sumatra and Kalimantan and A. beccariana in Kalimantan 
could grow up to 40 m tall with 60 cm diameter, 40 m tall by 80 cm diameter and 20 m 
tall with 36 cm diameter respectively. The mature trees of A. malaccensis in Asam, 
India grow up to 30 m tall and 1.5 to 2.m wide (Chakrabarty et al., 1994). This suggest 
that the trees encountered in this study were relatively young. 
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Despite the difficulty of locating trees of Aquilaria, most of the located trees in the 
forests in East Sumatra and West Kalimantan were felled (88% in East Sumatra and 92% 
in West Kalimantan) for gaharu collection. The lower figure of felling activities in East 
Kalimantan was mainly due to alternative collecting gaharu methods (Table 5.1). Some 
of the collectors in this region were still practicing tubuk, partial cutting at the main 
trunk, above the ground up to one meter, of the trees which were suspected to contain 
gaharu (WWF, 1994). However, the lower percentage of felling per visit in East 
Kalimantan (31%, Table 5.1) did not represent the actual figure of felling activities. The 
mean number of recently fallen trees located in the three selected areas appeared highest 
in East Kalimantan (four to five trees day') compared to the other two areas (Table 5.2). 
These data suggested that although the percentage of felling per visit in East Kalimantan 
was low the number of group collectors which enter the forest in this region was higher 
than the other two regions. Momberg et al. (1997) described that starting in 1991, non-
resident collectors outnumber the local collectors of gaharu in Pujungan sub-district, East 
Kalimantan and in 1993 approximately 200 non-collectors were recorded working in 
Bahau watershed. 
V.5.2. Felling Impacts 
The impact of felling on the neighboring plants in tropical forest varies according to the 
logging techniques and ecological sites (Whitmore, 1993; Uhl et al., 1991). Many studies 
have reported the nature and extent of damage caused by logging operations in tropical 
forests (for Africa see White, 1994; for Indonesia see Kartawinata, 1978; Bertault and 
Sist, 1997; for South America see Costa Filho, 1991). However, most of the studies 
focused on the impact of logging on basal area of dbh ~! 10 cm due to the use of heavy 
machinery for timber extraction (Bertault and Sist, 1997; Whitmore and Sayer, 1994; 
Johns, 1994; Whitmore, 1988, 1993; Uhl et al., 1991). There is almost no example of the 
study of the impact of traditional felling for the extraction of non timber forest products 
on the forest community particularly on the stem size < 10 cm dbh. 
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The impact of felling for the extraction of gaharu in Sumatra and Kalimantan on the 
young plants of Aquilaria and other species varied between sites. The mean number of 
damaged young trees of Aquilaria and other species resulting from fallen trees and 
trampling during felling and collecting gaharu was higher for West Kalimantan compared 
to the other two regions (Table 5.4 and 5.5). It seemed that the activities of felling in 
West Kalimantan appeared to be most destructive. However, these data should be 
interpreted with caution as the period of observation in the three selected locations 
occurred at different seasons. The visits to West Kalimantan were conducted during the 
rainy season where many of mature individual trees of Aquilaria (the target trees for the 
collectors) were surrounded by newly regenerated seedlings. Hence, many of these 
young trees were damaged by fallen trees and trampling during felling or collecting of 
gaharu. On the contrary, the visits to East Sumatra and East Kalimantan were undertaken 
during the mid dry season. Most of the forest floor near the target trees of Aquilaria were 
dry and only a few saplings of the same species and other species occurred. 
It appeared that the impact of cutting of a single Aquilaria spp. together with collecting 
gaharu, which involves trampling, on the young trees of Aquilaria and other species was 
very low. However, one trip for collecting gaharu may cut over 10 trees of Aquilaria 
which could damage many of young trees of the same species or other species. If the 
group of collectors increased in size then the impact of felling on the young trees would 
increased. Unfortunately, there was no observation on the extent of damage after felling 
of Aquilaria. By comparison, Pinnard and Putz (1996) conducted experiment in Ulu 
Segama, Sabah and pointed out that the average mortality rate of young trees (>5 cm 
dbh) after 18 moths logging operation was 0.5 percent. 
Based on the annual trade data of gaharu between 1991 to 1996 in three different selected 
areas (Riau, East Sumatra, West Kalimantan and East Kalimantan), the simulation 
estimates the annual impact of harvesting gaharu on seedlings or saplings on young 
Aquilaria resulting from fallen trees varied from 1,000 to over 80,000 individuals (Figure 
5.2). The estimate of annual damaged of young trees of Aquikiria resulting from 
trampling was even higher, ranging from 2,000 to over 120,000 individuals (Figure 5.7). 
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The estimation of damaged young trees of other species was also high, ranging between 
5,000 to over 100,000 individuals per annum (Figure 5.8). The estimated value of 
damaged young trees is consistent with the mass of gaharu being traded in the associated 
year. These figures indicate that along with a low recruitment of young trees of Aquilaria 
(Chapter IV), the regeneration of the species may also have been affected by the impact 
of collecting gaharu. 
In addition, long visits to the forest may take a week to months. As the collectors move 
from one sites to another searching gaharu, they also need camps for overnight stay. 
Each camp site required young trees or poles (3-10 cm dbh) for constructing the tents. 
The mean number of poles, of which consist of mixed species except Aquilaria, required 
for each camp sites varied from 20 to over 50. Although there was no observation made 
of mean number of camp site per visit, a 22 day visit to West Kalimantan set up 10 
camp sites which felled between 300 to over 400 young trees (dbh 3-10 cm) (Table 5.6). 
V.5.3. Sustainability of Gaharu Harvesting 
It is mentioned earlier and elsewhere (Chapter II) that the population density of Aquilaria 
spp. in the natural forest of Sumatra and Kalimantan is declining and the current density 
prediction is less than one individual of mature tree ha . Despite of limitations in the 
density assessment (Chapter II), the results are consistent with other studies (for lowland 
Peninsula of Malaysia see La Frankie, 1994; for Sabah see Yamada, 1995). Locating the 
species in the wild forest of East Sumatra and West Kalimantan was also very difficult 
(Table 1). Because of the rareness in the wild, the species was listed as vulnerable 
according to the IUCN categories of threat. However, despite the low population density, 
trade of gaharu which mainly depends on the harvest from natural forest is still 
continuing at a significant level (Chakrabarty et al., 1994). The production of gaharu over 
the last 10 years from East Sumatra, West and East Kalimantan was unstable and 
markedly fluctuated, indicating that trees in the wild are becoming very rare. Based on 
the mass of gaharu traded from 1991 to 1996, it is predicted that the number of trees of 
Aquilaria felled year -1 varied from approximately 7,000 in Riau, East Sumatra to 39,000 
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trees in East Kalimantan. This annual estimation of felling was consistent with the yearly 
mass production of gaharu from each region. This simulation, for example, estimated that 
during the 1993 in Riau, East Sumatra there were about 13 trees of Aquilaria felled day-1 
and approximately 201 trees of Aquilaria felled day- ' in East Kalimantan in 1996. 
The fact that the gaharu has been collected since the 3rd  century A.D. (Wang, 1958) 
indicates that in the past the trade and presumably the harvest has been somewhat 
sustainable. However, recent evidence suggests that in many countries gaharu is not 
being exploited on a sustainable basis (for India see Chakrabarty et al., 1994; for 
Malaysia see Ng et al., 1997; for Indonesia see Momberg et al., 1997; Flartadi, 1997). 
The observations on collecting gaharu also revealed that most encountered Aquilaria 
trees in Sumatra and Kalimantan were felled (Table 5.1). These above figures along 
with the estimated figures of harvest rate indicate that the recent collecting of gaharu in 
Sumatra and Kalimantan is far from sustainable. In the last two years, wild fire in 
Sumatra and Kalimantan (Byron and Shepherd, 1998) may also have contributed to the 
decline of Aquilaria populations in the two regions (Chapter IV). 
Hall and Bawa (1993) pointed out that in ecological term, extraction is considered 
sustainable if the harvest has no long-term harmful effect on the reproduction and 
regeneration of the population being harvested in comparison with a non-harvested 
population. The fact that the models predict that the regeneration coefficient of the two 
species in the two study areas (West and East Kalimantan) is more than one, does not 
ensure that the species will survive under different logging intensities (Leslie, 1945, 
1948; Usher 1966; Peters 1990, 1991). Based on the value of A., compared to A. 
malaccensis in West Kalimantan, the population of A. microcarpa in East Kalimantan is 
more vulnerable to logging. The increase of minimum diameter for logging to 10 dbh 
cm will cause the population of A. microcarpa in this site to decline (A. =0.96) and 
become extinct in 18 years (Figure 5.11 and 5.12). In contrast, the model predicts that 
under similar treatment the population of A. malaccensis in West Kalimantan will still be 
stable (A. = 1.15) (Figure 5.12). However, expansion of logging of A. malaccensis to a 
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minimum of 5 cm dbh will cause similar results as to A. microcarpa (Figure 5.10 and 
5.12). 
Increasing logging rotation to 15 years in the long term will re-stabilize the population of 
A. microcarpa in East Kalimantan and the increase of rotation to 30 years will increase 
the regeneration coefficient to 1.02 (Figure 5.13). In the case when the logging intensity 
for the two species is set at a maximum of 30% of harvestable individuals with a 
minimum dbh >10 cm, the model predicts that annual logging will provide sufficient 
regeneration to ensure that these two populations will persist on the site (Figure 5.14). 
The differences of coefficient of regeneration (),) between the two species is attributable 
to two reasons. The first is the probability of moving individuals from one stage to the 
next in A. malaccensis is higher than in A. microcarpa and the second is the fecundity of 
young trees (poles) of A. malaccensis is higher than A. microcarpa (Table 5.12 and 5.13). 
In these models, the two combined factors appear to be most important factors in 
predicting future populations. 
For the above reasons, caution should be made in using these models. With respect to this 
study, the observations on the two populations of Aquilaria were only conducted in one 
year. Fruit production of the two species may vary from year to year. The stand structure 
of the two species may also be different between areas. More replication should also be 
considered to assess whether the growth and fecundity of the species are different in 
different areas. It was difficult to assess growth of adult trees accurately with one year 
observations. Because of these limitations it is strongly recommended that the models be 
validated in the near future. 
Boot and Gullison (1995) pointed out that matrix models are not mechanistic hence they 
must be calibrated for the entire range of parameter space that will be modelled. The 
model may be useful if the conditions are homogeneous for all individuals, this is often 
not the case. In general there are many examples of matrix models which have not been 
validated (Hartshorn, 1975; Enright and Ogden, 1979); ideally it is preferable to collect 
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long-term data on the whole range of harvest intensities that are to be simulated. By 
comparison Peters (1991) constructed a matrix model for Brosimum alicastrum in 
Mexico based on three years study indicated the ? equal to 1. 06, while Usher (1966) used 
six years data to assess to the management of Scots pine trees in Inverness-shire and 
revealed that the X equal to 1.20. 
The models also ignore the potential effect of genetic drift. Repeated harvest of 
individuals of a small population, as in the study site in West Kalimantan, may increase 
the risk of genetic erosion. This small population is more vulnerable to inbreeding 
depression and genetic drift (Primack, 1993). Inbreeding will also reduce the average of 
individual fitness and future adaptability to environmental change which can lead to 
species extinction (Lande, 1988). 
However, despite the need of validation, this model has demonstrated the long-term 
assessment of population stability of the two species under different harvest scenarios. 
This model, with caution in interpretation and additional long-term data collection could 
also be used for assessing the sustainable annual harvest of other commercial species 
which are harvested regularly from natural forests. In addition, this study also shows the 
difficulties of assessing sustainability and the long-term effect of harvest on viability of 
populations Aquilaria species and tropical tree species in general. The assessment of 
sustainability should also consider other ecological aspects such as density dependency 
and genetic variability of the species (Caswell, 1989). 
V.5.4. Management Action 
Currently, apart from NFl data, inventory data for Aquilaria spp. in Indonesia are not 
available. The available information may be out of date and perhaps inadequate for 
evaluating the annual allowable cut of Aquilaria species. However, the current quota 
system of trade in gaharu from Indonesia is mainly based on the analysis of the trade 
level of the previous year (Wiradinata, pers comm, National Institute for Sciences). This 
system appears to be erroneous and runs a serious risk of the species being traded at a 
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commercial level. Establishing the quota level which exceeds the ability of species to 
regenerate may cause the depletion of the species in the wild. 
Based on the simulation on the felling impact, current harvest of gaharu has a serious 
potential effect on the sustainability of supply of gaharu products and regeneration of the 
species which ultimately will affect the survival of the species in the wild. To avoid these 
circumstances, immediate policy actions related to harvest and trade are required. 
This study shows an example of assessing the sustainable use of a commercial species, 
Aquilaria, in relation to the policy establishment of the annual harvest of the given 
species. Although in theory the developed model is required to be validated, which may 
be a long-term process, the model could be used practically along with the calibration 
process. Based on the model's prediction, theoretically the annual harvest of Aquilaria 
species should be adjusted to the maximum level of 30% of harvestable individuals with 
minimum dbh> 10 cm. Similar models might in the future be constructed to assess the 
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Appendix 5. 1. Example of macro for estimating number of trees ofAquilaria spp. felled in East Kalimantan 
in 1996. 
Simulasi: 
Let kl=0 # Gubal' 
Let k2=0 # Medang 
Let k3=0 # Seedlin' 
Let k4=0 # Sapling 
Let k50 # Other species' 
Let k6=0 # Seedling2 
Let k70 # Sapling2 
Let K8=0 # Other species 
Let K9=0 # No. of felling 
Let k10(kl<13 105) 
Random 1 Cl; # Gubal 
Normal 0.148 0.179. 
Let kl=kl+Cl(1) 
Random 1 C2; # Medang 
Gamma 1 0.15. 
Let k2k2+C2( 1) 
Random 1 C3; # Seedling' 
Poisson 0.125. 
Let k3=K3+C3(1) 
Random 1 C4; # Sapling' 
Poisson 0.042. 
Let k4k4+C4( 1) 
Random 1 CS; # Other species' 
Poisson 0.458. 
Let k5k5+C5(1) 
Random 1 C6; # Seedling2 
Binomial 3 0.47. 
Let k6k6+C6( 1) 
Random 1 C7; # Sapling2 
Poisson 0.25. 
Let k7k7+C7( 1) 
Random 1 C8; # Other species 2 
Binomial 3 0.375. 
Let k8=k8+C8(1) 
Let k9=k9+1 # No. of felling 
Let k10(kl<13 105) 
End 
Exec 'C:\simulasi\simulasi ' 90000 
Prin kl-k9 
End 
Notes: 1: Estimated number of damaged seedlings or saplings of Aquilaria due to fallen trees ofAquilaria; 
2: Estimated number of damaged seedlings or saplings of Aquilaria due to trampling during harvesting 
gaharu; K !M,105: Total of gubal traded in 1996; 90,000: Number of random generated. 
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CHAPTER VI 
TRADE IN GAHARU 
VIA. INTRODUCTION 
Historically, the trade of gaharu, the resinous product taken from the infected trees of 
Aquilaria, has been going on since the 1st15  centuries A.D. (Giano, 1992). A number 
of authors reported that China since 3rd  century regularly imported Gaharu from the 
Malay Peninsula and elsewhere (Giano, 1992; Wang, 1958; Burkill, 1935). India and the 
neighboring countries have also long been recorded as one of the biggest producer of 
gaharu (Chakrabarty et al., 1994; Burkill, 1935). 
The trade of gaharu from Indonesia was recorded as far back as the 5 th century. The 
Chinese were reported as the major buyer of this product (Giano, 1992). However, it was 
probably not until the 15th  century, when a direct relationship between China and the 
Northeast Kalimantan was established, that significant amounts of gaharu were traded 
(Momberg et al., 1997). However, there was no precise records exist of trade mass during 
these periods. 
The trade in gaharu continued to take place during the Dutch period (1 8th  to the beginning 
of 19th century) to the present day. Traditionally, the trade was conducted in a very 
simple manner by the local communities who live nearby the forest in Sumatra and 
Kalimantan, to meet their daily needs. For instance, the Kenyah and Punan barter gaharu 
with other goods such as salt, tobacco and cloth (Momberg et al., 1997; WWF, 1994). 
When the worldwide commercial demand of gaharu increased in the 1970's, the trade in 
this product in Indonesia became an industrial business (WWF, 1994). Apart form 
incenses, the ranges of uses for gaharu has widened to include perfume, soap gaharu 
essence, medicinal uses and shampoo (Ng, et at., 1997; Chakrabarty et al., 1994). The 
wood was also reported suitable for pencil manufacture (Lopez, 1978). The commercial 
price of gaharu stimulated trade in gaharu. At the local community level the trade in 
gaharu has become an option for deriving major income. Now, local communities in the 
Northeast of Kalimantan use the product to gain modem equipment such as radios, 
televisions, motorbikes etc. (WWF, 1994). 
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Unfortunately, most gaharu, if not all, is still collected from natural forest, as has been the 
case traditionally (Hartadi, 1997; Peters, 1996; Purwanto and Harahap, 1995; Giano, 
1992; Sidiyasa and Suharti, 1987). Very few people who are associated with the gaharu 
business are willing to plant Aquilaria species, mainly because the technology to 
inoculate the disease on the trees is not yet available in Indonesia (Santoso, 1996). 
There are six species of Aquilaria which produce gaharu which occur in Indonesia, 
namely A. beccariana, A. cumingiana, A. filaria, A. hirta, A. malaccensis and A. 
microcarpa (Wiriadinata, 1995; Sidiyasa, 1986). The host trees (Aquilaria spp.) are 
known to occur in a scattered pattern in lowland and upland forest areas of Sumatra, 
Kalimantan, Sulawesi, Maluku and Irian Jaya (Wiriadinata 1995; Ding Hou,1960). 
Although in reality is difficult to differentiate source species by assessing the products, 
certain traders prefer to have product which originates from A. malaccensis, A. 
beccariana, A. microcarpa and A. hirta owing to its better quality (Hartadi, 1997; Giano, 
1992). 
The current trade development of trade in gaharu has brought populations of Aquilaria 
spp. in Indonesia under threat of extinction (Oldfield et al.,1998). Because the current 
pressure of international trade in gaharu are considered as threatening the survival of 
Aquilaria in the wild, A. malaccensis has been listed on Appendix II of CITES which 
aims to regulate international trade in gaharu and conserve the wild populations of 
Aquilaria spp. (CITES, 1994). Concern about populations of gaharu in Indonesia has 
been raised by many authors such as Hartadi (1997), Wiriadinata (1995) and Purwanto 
and Harahap (1995), however none of them has addressed the sustainability of trade and 
its impact on the status of Aquilaria species. Upton and Bass (1995) pointed out that 
economic sustainability requires that a natural resource (or capital) being used by one 
generation is equivalent (in size and value) to the resource handed to the next generation. 
This study aims to assess the sustainability of the trade in gaharu in Indonesia and to 
evaluate conservation status of Aquilaria spp. under the CITES convention. This was 
achieved by assessing trends in mass and value of trade in gaharu for the last 15 years. 
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Based on the evidence from the previous chapter, criterion for the inclusion of a species 
on Appendices I and II of CITES (CITES, 1994) were used to evaluate the conservation 
status of the species. 
VI.2. METHODS 
Six provinces, which recorded a high trade in gaharu, were selected for observation, 
namely Riau, West Kalimantan, South Kalimantan, East Kalimantan, Jakarta and East 
Java. For the purpose of interview and observation, 18 out of 61 registered exporters of 
gaharu in Indonesia were selected. The selection was mainly based on their trade 
activities in gaharu during 1996 and 1997. 
To asses the local prices and domestic trade network, local gaharu traders and gaharu 
collectors were also interviewed. Because of the nature of difficulties to access the local 
traders and the collectors, the number of traders interviewed and observed varied from 
region to region. The selected local traders consisted of Aceh, Sumatra (n=1), Jambi, 
Sumatra (n=1), Riau, Sumatra (n=3), Padang, Sumatra (n=1), Ngabang West Kalimantan 
(n=3), Banjarmasin, South Kalimantan (n=2), Tarakan, East Kalimantan (n=2) and Irian 
Jaya (n=1). Thirty gaharu collectors were interviewed which consisted of Riau (n=7), 
Jambi (n=1), West Kalimantan (n=3), South Kalimantan (n=3) and 15 in East 
Kalimantan. 
The questions to the exporters consisted of enquiries about the grade of gaharu, prices for 
each quality of gaharu in each area, costs for exporters, export price, destination, trade 
mass per annum and annual overhead costs. However, since most of the exporters know 
or employ gaharu collectors, the questions to them extended to include area of collection, 
species of origin, length of visits to the forest and cost for each visit. 
Although there was a different emphasis, the questions to the local traders and to the 
gaharu collectors were generally similar. This was because most of the local traders also 
employed collectors within the area of collection corresponding to each of the selected 
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regions, and information was sought on length of visits for gaharu collection, number of 
people involved in the collection, items required for gaharu collections, cost for each 
visit, quality and grade of gaharu. 
There was no standard format of questionnaire distributed to the traders and collector as 
the interviews took place in an informal manner. In order to gain objective of 
information, the items questioned to the local traders and collectors were repeated to the 
exporters. Additional data, which included, production of gaharu, trade export and value 
from Indonesia, were also collected from the Indonesian Central Bureau for Statistics (the 
BPS), CITES Management Office of Ministry of Forestry (PHPA) and from the available 
literature. The BPS refers gaharu products as gaharu resin and gaharu wood. Gaharu 
resin refers to gaharu which produces resin (high grade of gaharu), while gaharu wood 
refers to gaharu which might not produce resin (very low grade of gaharu). 
The studies in Sumatra were conducted in August 1996 to January 1997 while the study 
in Surabaya and Jakarta took place in November 1996 and July 1997. The West, South 
and East Kalimantan visits were carried out in January 1997, September 1997 and April 
1998 respectively. 
CITES Resolution No. 24 (1994) concerning the New Criteria for Amending the 
Appendices was used to assess the status of Aquilaria spp. which produce gaharu in 
Indonesia. Five key criteria were selected to test the conservation status of the species in 
Indonesia using available data. 
VI.3. RESULTS 
VI.3.1. Trading Place and Producers of Gaharu 
In the past the trade in gaharu in Indonesia was limited to Java, Sumatra, Kalimantan and 
Sulawesi with the major trade concentrated in Sumatra and Kalimantan. The records of 
mass of trade in gaharu from several areas within these regions between 1918 to 1925 
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ranged from 1 kg to over 8,000 kg year - '. The highest trade was recorded in 1924 in 
Tanjung Selor, Tarakan (East Kalimantan) which reach 8,416 kg (Table 6.1). 
Nowadays, some of the towns and regions which were recorded as sources of gaharu or 
areas where trade took place such as Surabaya (Java), Pekanbaru (Riau, East Sumatra), 
Pontianak (West Kalimantan), Banjarmasin (South Kalimantan) and Tanjung Selor 
(Tarakan, East Kalimantan) are still major sources of gaharu (Table 6.7). Other major 
places no longer featuring the gaharu trade e.g. Bangka and Belitung are not known as 
sources of gaharu anymore, and as mentioned elsewhere (Chapter V) the trade extended 
to the eastern of Indonesia such as Irian Jaya. 
VI.3.2. Collectors and Traders 
People whose livelihoods depend on gaharu, at least to some extent, were classified into 
four groups: (i) local collectors who live nearby or within the forest area, (ii) non-
residents collectors who are deployed to the area by the middlemen or local traders for 
collecting gaharu, (iii) middlemen or local traders, (iv) large-scale traders or exporters. 
Local collectors are equipped with local knowledge and traditional wisdom. To a certain 
extent, they are able to identify tree species in the field, and therefore posses some degree 
of (para.) taxonomic expertise. Most local people use traditional wisdom to harvest the 
resources. Some of the group (42%) carefully select the target trees and only fell the 
infected Aquilaria trees which are believed to contain gaharu but others are starting to 
neglect this traditional approach. Some of them (13.3%) believe that gaharu should be 
searched for using the support of traditional spirits, and without such support it would be 
impossible to find good quality gaharu. 
Unlike the local people, non-residents (23%) very often lack local knowledge as well as 
botanical understanding. Very often the non-resident collectors whenever they go out 
searching for gaharu rely on good luck. As they work under certain contracts they (85%) 
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tend to fell any Aquilaria spp. trees they encounter in the forest regardless the occurrence 
of gaharu. 
The middlemen or local traders play an important role within gaharu businesses. They 
function as small-scale investors who provide the major capital for the collectors. Usually 
they lend some amount of money to the gaharu traders and expect to be paid back with 
gaharu. The middlemen or local traders also transport gaharu to the exporters in different 
places in Indonesia. Some middlemen are attached to certain exporters but others 
independently market the product to any exporter depending on the price they negotiated 
with the exporter. Jakarta, Surabaya, Pekanbaru, Pontianak and Samarinda are places in 
Indonesia where the middlemen find exporters of gaharu. The exporters are the main 
buyers who set the price of gaharu in the local market. Some of the exporters also have a 
special link with a particular region where gaharu is produced, where they employ 
middlemen and even local collectors. 
In December 1996, there were 61 traders registered in the CITES offices of the 
Directorate General of Forest Protection and Nature Conservation (PHPA) of the 
Ministry of Forestry Indonesia, as gaharu export companies (Table 6.6). Of the 61 only 
18 companies (18.29 %) in 1997 are indicated as still active. The remaining companies 
were either closed owing to competition or a lack of supply of materials. The trade 
records from the CITES office noted that most of the inactive companies have never 
exported gaharu ever since they registered. Of the 18 selected exporters, only 10 
responded for the interviews, although all were contacted. 
The collectors, the middlemen or local (gaharu) traders are not registered in PHPA 
offices or in local forestry offices. The middlemen or local traders usually are not bound 
to gaharu business only. They normally have a small store from which they serve 
victuals, which are traded for in kind. The gaharu collectors are often therefore highly 
dependent on the middlemen or local traders. 
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V1.3.3. Collecting Visits and Cost of Collection 
The visits for collecting gaharu are classified here into short and long visits. The short 
visit varied from one to seven days while the long visit lasted from 14 days until as long 
as 90 days. However, to many collectors (73%) searches for gaharu are becoming harder 
and harder. The length of visits to the forest have increased in day and because short 
visits often get zero results, they prefers to go for long visits. Both types of visit normally 
were funded by the middlemen. Each middlemen is likely employ between two to seven 
people for the short visit and seven to 60 people for the long visit depending on the 
region and the amount of money they have available for the visit (Table 6.3). 
For a short collection visit the collector normally borrows between $US 15-75 from the 
middlemen or local traders. However for a long visit they could borrow from the traders 
as much as $US 1,000-2,000 (1 US$= 2361 Rp in 1996). These amounts of money were 
not fully used during the visits. Half or more of the money was split up among the group 
and left behind for their own families. 
The actual cost of gaharu visits varied according to area and the length of the journey. It 
appeared that most of the cost was allocated to rice, cigarettes, coffee and sugars, to 
support the collectors. Most collectors in East Kalimantan did not use the transport fee as 
they often walked to their destination area (Table 6.4). Upon returning from the visit, 
73% of the collectors were not able to pay back the credit owing to the low price value of 
gaharu or the small amount of gaharu they collected. 
Felling and harvest of gaharu did not require heavy machinery. The collectors use parang 
and axe to collect and fell the trees. The collectors also brought (by foot) the gaharu from 
the interior forest to the nearest road or river where they could hitchhike or use public 
transport. Harvest techniques and the processing of gaharu have been elaborated in 
chapter V. 
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On the exporters side, the overhead costs for running this business included costs for 
storage, separation, domestic transport, packing, freight, taxes and contingent fees. The 
freight fee varied according to airline and destination. The further the distance and the 
better the carrier the higher the cost. For large amount of shipment and cost efficiency, 
normally above 500 kg, most exporters use sea-liner (Table 6.5). 
VI.3.4. Gaharu and Its Grade 
In the market gaharu products are available in the form of fragments of wood, chips and 
powder and sometimes in the form of a permeated liquid. The latter product is very rare. 
The woods and chips vary in color from light brown to dark brown or nearly black. The 
darker the product the higher the resin content and the quality. In the case of powder, the 
color is normally light brown to medium brown. Although in reality it is difficult to 
differentiate source species among the products, most traders (71.4%) prefer to have 
product originating from Sumatra and Kalimantan which suggests that the product 
originates from the species of A. malaccensis, A. beccariana, A. microcarpa and A. hirta. 
However, because the products from the two islands are becoming less and less available, 
in 1997 most of the local traders (64.2%) and exporters (70%) collected and bought the 
product from Irian Jaya. 
Although the government graded gaharu into two classes, in local markets (as may also in 
international markets) the quality of the product is graded into six to eight classes 
depending on the region. The classification was made according to the resin content. 
However, it seemed that there is no formal standard resin content in each class. The 
traders normally decided the quality based upon her/his intuitive knowledge making it 
very difficult for the new buyers to judge the class of gaharu (Table 6.2). 
VI.3.5. Price 
The price of gaham varied according to quality, place of origin and time of collection. 
The higher the quality the higher the value. As mentioned earlier the traders prefer to buy 
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gaharu collected from Kalimantan particularly from east Kalimantan as they know the. 
quality is higher than in the other regions. The traders treated the gaharu products from 
Irian Jaya as a lower resin content and so the prices were accordingly low. 
The highest local price of high grade gaharu (super A) from Kalimantan during 1996 to 
1997 was $US 250.0-600.0 (Tarakan, East Kalimantan), while a similar class from 
Sumatra was valued at $US 254.0 to 317.0 kg-1 (Pekanbaru, Sumatra). For both prices 
one $ US was equal to 2361 Rp kg' in 1996 and early 1997. Although the traders 
classified these two classes as similar, from the buyers point of view super A of gaharu 
from Tarakan was considered as a higher grade than those from Pekanbaru. Because the 
prices in Jakarta have accounted for domestic transport and labor fees price always 
appeared higher in each class compared to prices in other places in Indonesia (Table 6.7). 
However, 60% of the exporters admitted that the price in Jakarta has been elevated by the 
foreign individual buyers who often come to Jakarta to buy gaharu and transport the 
goods illegally. These buyers usually only buy small amounts (less than 5 kg) of high 
quality gaharu. 
The average export price of gaharu resin from Indonesia between 1981 to 1996, 
regardless of the recipient country, was approximately $US 29.50 kg 1 , while for the 
lower quality was approximately $US 5.0 kg (Table 6.8). Although the prices still vary 
in time and from country to country, in term of price kg 1 , Saudi Arabia was the largest 
buyer of both higher and lower grade gaharu from Indonesia (Table 6.9). 
For the past 15 years the price of gaharu resin and gaharu wood, for unknown reasons, 
fluctuated markedly in Saudi Arabia and UAE. The peak price of gaharu resin in Saudi 
Arabia occurred in 1992 ($US 178.25 kg') and in 1995 ($US 154.37 kg') while for UAE 
the peak occurred in 1994 ($US 113.38 kg '). On the contrary, the price for both gaharu 
resin and gaharu wood was relatively stable in Singapore (Figure 6.4). 
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VI.3.6. Trade Mass 
The domestic trade record between 1986 to 1996 indicated that annual trade in gaharu 
resin (high grade), as expected, was much lower than gaharu wood. The production of 
gaharu from each region fluctuated and shifted. In 1986 to 1991, Kalimantan was the 
principal gaharu producing area and in the following period this role was taken by East 
Indonesia (Maluku and Irian Jaya). In 1996 Sumatra appeared to lead national 
production. (Figure 6.1). 
With respect to the international trade, the mean mass of exported gaharu from Indonesia 
between 1981 to 1996 was approximately 174 tonnes year - ' for gaharu resin which 
exceeded the mean of exported gaharu wood (46 tonnes yeaf') (Table 6.10). Based on 
the BPS (1981-1996) during this period Singapore appeared to be the highest importer of 
both gaharu resin and gaharu wood from Indonesia. Average importation of gaharu resin 
varied between 6.1 tonnes to 114.3 tonnes, equal to values of $US 106,200 to $US 
1,239,500 while mass of gaharu wood was between 4.5 tonnes to 43.7 tonnes, which is 
equal to value of $US 8,300 to 147,200 (Table 6.11 and 6.12). 
The annual trade mass of both gaharu resin and gaharu wood appeared to fluctuate in 
different ways. However it seems that the annual trade in gaharu resin always 
outnumbered that of gaharu wood. The highest record of trade for gaharu resin between 
1981 to 1996 occurred in 1981, which reached approximately 480 tonnes, while for 
gaharu wood the peak occurred in 1984 (252.5 tonnes) (Figure 6.2). 
The records of annual domestic trade different form the data of annual export of gaharu 
from Indonesia. At the domestic level, annual records of trade in gaharu resin (high 
quality) were lower than records of gaharu woods (lower grade). In contrast the annual 
export trade records showed in the opposite way (Figure 6.1 and 6.2). In response to these 
differences, the exporters (40%) admitted that because there is no export tax, for certain 
reasons (which they were reluctant to disclose) they registered most of the lower product 
except the finest quality one as gaharu resin. 
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V1.3.7. Conservation Status 
The CITES res. conf. 9.24 (1994) defines the area of distribution as the area contained 
within the shortest continuous imaginary boundary which can be drawn to include all the 
known, inferred or projected sites of occurrence. This area should exclude any significant 
area where the species does not occur, hence defining the area of distribution should take 
into account the discontinuities or disjunction of the spatial distribution of the species. 
For some species a figure of less than 10,000 km2 has been found to be an appropriate 
guideline, but not a threshold, of what constitutes a restricted area of distribution. 
A decline in number of individuals or a decrease in area of distribution in CITES res 
conf. 24 (1994) refers to a reduction for which the causes are not known or not 
adequately controlled. The natural fluctuation and a decline to a planned level that a 
results from a harvesting program which will not harm the survival of the species in the 
wild is not covered by the terms of decline. For some species a decrease of 50% or more 
in total within five years or two generations, which ever is the longer, has been found to 
be an appropriate guideline, but not a threshold, of what constitutes a decline. For a small 
wild population the above number is considered to 20%. 
CITES refers to fragmentation as the case where most individuals within a taxon are 
found in small and relatively isolated sub-populations for which the probability of 
extinction is high and opportunities for re-establishment are limited. For some species an 
area of 500 km2 or less for each population has been found to be an appropriate guideline, 
but not a threshold, of what constitutes fragmentation. 
CITES res. conf. 9.24 (1994) measured a population according to CITES article I which 
is the total number of individuals of the species regardless of the age or sizes. For some 
species a figure of less than 5,000 individuals has been found to be an appropriate 
guideline, but not a threshold of what constitutes a small wild population. 
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With respect to Aquilaria species, the assessment of species status in CITES used the 
trade data of gaharu, felling rate of Aquilaria yearT' and habitat decline in Sumatra, 
Kalimantan, Maluku and Irian Jaya. The key to the assessment is whether the species 
meets or is likely to meet, at least one of the CITES criteria (CITES res.conf. 9.24, 1994). 
Based on the trade data, for the past ten years, the rate of gaharu trade from Sumatra and 
Kalimantan is estimated more than 100 tonnes year -1 . The simulation estimated that the 
rate of felling of mature Aquilaria tree in Sumatra and Kalimantan in the last five years is 
more than 10,000 and 40,000 trees year -1 respectively. Felling of Aquilaria trees also 
greatly damages the offspring of the species (Chapter V). The current probability for 
finding individuals of Aquilaria species ha' in the two islands is generally below 0.3 
which indicates that the species is very rare. Therefore based on these argument the 
Aquilaria species in Sumatra and Kalimantan (A. malaccensis, A hirta, A. beccariana 
and A. microcarpa) might qualify for inclusion in the Appendix II of CITES (Table 
6.13.b). 
Based on the rate of forest reduction, particularly in Sumatra, for the past 10 years the 
average forest decline is approximately 20% (Chapter II). This rate of forest decline 
might contribute to the decline of area distribution and habitat fragmentation of Aquilaria 
species which are known to be localized. Chapter I and II, indicated that the area of 
distribution of A. hirta is restricted to the region of Riau and the surrounding islands, 
while A. cumingiana is restricted to the islands of Halmahera and Morotai. The area 
distributions of the two species are estimated less than 10,000 km 2 and the populations 
are estimated to be fragmented at very few locations (:!~500km). Although these values 
are not formal thresholds, the above evidence, together with current trade in gaharu in 
Riau and Maluku, indicates that the two species might qualify for inclusion in Appendix 
I of CITES (Table 6.13.a) 
Although the estimate of standing stock of Aquilaria species (>10 cm dbh), regardless of 
the species, in Sumatra and Kalimantan is far more than 10,000 individuals (Chapter II), 
as the estimation was based on genus it is impossible to assess standing stocks on the 
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species basis. To this stage, there is no strong evidence to estimate the area of 
distribution and population number of A. filaria nor is there supporting data to assess the 
status of this species under CITES. 
However, according to article II, paragraph 2(b) (CITES res. conf. 24 annex 2b, 1994) if 
specimens resemble a species included in Appendix II under the provisions of article II, 
paragraph 2 (a), or Appendix I such that a non-expert, with reasonable effort, is unlikely 
to be able to distinguish between them, or the species is a member of a taxon for which 
most of the species are included in Appendix II or Appendix I, the remaining species 
must be included under the CITES Appendices. Because A. malaccensis was listed in 
Appendix II (CITES, 1994) and gaharu products originated from other species Aquilaria 
are unlikely to be distinguished between them hence other tree species of Aquilaria which 
produce gaharu are qualified to be listed in Appendix II CITES (Table 6. 13c). 
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Table 6. 1. Trade in gaharu from different areas of Indonesia between 1918 to 1925 










- .2 Cq3 to 
0 o c) 0 
1918 203 - 560 95 - 242 158 434 - - 54 21 2692 6116 10 - - 
1919 2550 12 404 31 124 394 37 6496 549 - 177 14 1057 4309 72 - 1 
1920 46 - 495 18 123 245 49 38 104 - - 37 325 4299 15 - 9 
1921 - - 1138 1503 - 240 124 163 131 - 19 12 441 4426 7 - 1 
1922 .- - 1050 82 - 811 16 37 160 - 25 12 915 4718 - - - 
1923 - - 1282 57 49 646 744 35 372 2421 30 103 866 7833 1 - 3 
1924 - 103 1450 78 380 515 818 - 763 - - 16 985 8416 53 124 - 
1925 - - 431 17 100 130 30 - 459 - 44 51 1698 6565 857 - - 
Sources: Heyne (1927). Bangka and Belitung are islands and the other are cities or towns. 
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Table 6.2. Gaharu classes in Sumatra and Kalimantan based on 
interviews with local traders and exporters in Indonesia 
Gaharu 	Name of gaharu classes 
classes 
1 	Super A 
2 Super BorAB 
3 	Super C or BC 
4 Tanggung/Sabak 
5 	Teri Kacang padat 
6 Teri Timbul 
7 	Ten Layang 
8 Kemedangan 
For methods see text. 
Table 6.3. Number of days and number of people involved per visit for gaharu collections 
in Sumatra and Kalimantan during the observations between August 1996 to May 1998 
Number of days Number of people 
No Province involved 
Short Long Short trips 	Long trips 
trips strips 
1 Aceh, Sumatra 2-3 20-30 2-4 	30-60 
2 Riau, Sumatra 2-5 14-21 2-3 10-20 
3 Jambi,Sumatra 1-2 - 1-2 	- 
4 West Kalimantan 2-3 14-21 1-2 7-20 
5 East Kalimantan 3-7 14-90 2-3 	10-60 
6 South Kalimantan 3-7 21-30 2-3 14-21 
-: Not recorded. For methods see text. 
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Table 6.4. Cost of short trip (S) and long visits (L) in three different regions in Indonesia taken from the interviews 
between December 1996 to March 1998 
Cost of items in three different regions ($US) 
Basic items Riau West Kalimantan East Kalimantan 
S L S L S L 
Patrol 0.0-0.0 0.0-10.0 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.0 
Cooking oil 0.7-1.0 4.0-20.0 0.0-0.0 0.0-4.0 0.0-0.0 0.0-5.0 
Salt 0.0-1.0 1.9-4.0 0.0-0.6 2.0-5.0 1.0-2.0 8.0-14.5 
Coffee 0.2-0.5 5.0-20.0 0.3-1.0 10.0-20.0 1.0-2.0 19.5-22.0 
Sugar 0.3-0.5 2.1-12.5 0.2-1.0 10.0-20.0 2.3-4.0 17.0-24.0 
Cigarettes 1.3-2.0 10.0-50.0 1.3-5.0 10.0-60.0 5.0-10.0 25.0-89.0 
Supermi (Noodles) 0.6-1.0 5.0-35.0 0.0-5.0 0.0-20.0 0.0-5.0 0.0-16.3 
Salt-fish 0.4-0.6 7.0-15.0 0.3-0.6 2.4-5.0 0.0-1.0 0.0-2.0 
Medicine 0.0-2.0 5.0-10.0 0.0-1.0 0.0-5.0 0.0-2.0 32.0-55.0 
Batteries 5.0-10.0 20.0-25.0 0.0-10.0 21.0-30.0 0.0-10.0 22.3-30.0 
Matches 0.1-0.5 1.3-2.3 0.1-0.5 1.0-5.0 0.5-1.3 2.0-5.0 
Rice 1.5-3.0 25.0-36.0 1.1-19.0 25.0-40.0 2.0-3.0 8 .4-28.0 
Transport fees 1.0-15.0 4.0-50.0 1.0-15.0 10.0-75.0 0.0-0.0 0.0-0.0 
Utensils 5.0-10.0 10.0-15.0 0.0-5.0 10.0-20.0 0.0-3.4 10.0-25.0 
Plastics 0.0-10.0 15.0-25.0 0.0-16.0 10.0-15.0 0.0-15.0 10.0-25.0 
1 US $ = 2,361 Rp.in 1996 and early 1997. Values presented are ranges. For methods see texts. 
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Table 6.5. Estimated overhead cost for gaharu exporters to run their business based on 
interviews with exporters in Jakarta (n=7), Surabaya (n=2) and Riau (n=1) between 
January 1997-May 1998 
Items of activities 	 Estimated cost ($US) 
Storage! Building fee m 2yeai' 25.32 ± 11.49 
Electricity & clean water month 67.76 ± 15.73 
Maintenance month' 23.11 ± 10.99 
Separation kg' 0.17 ± 0.01 
Packing kg-1 0.03 ± 0.004 
Transport fee per trip kg' 0.11 ± 0.01 
Taxes 0.00 
Office running cost month' 1452.16 ± 397.62 
Air freight/shipment kg' 0.20-0.60 
Sea line shipmef' 0.05-0.06 
Air freight refers to Singapore destination only and varies according to flag carrier. No 
export taxes for any export products from Indonesia. 1$US equals to 2,361 Rp in 1996 
and early 1997. Except for air freight and sea line values are means ± SE, for methods see 
text. 
Table 6.6. Number of gaharu export companies registered in the CITES offices of PHPA, 
Ministry of Forestry of Indonesia in January 1998 
Province 	 No. of Registered No. of active 
traders in 1996 	Traders in 1997 
Jambi 1 	 0 
West Sumatra 1 0 
Riau 5 	 4 
Jakarta 37 8 
East Jawa 4 	 1 
Central Java 1 0 
West Java 1 	 0 
West Kalimantan 1 1 
South Kalimantan 3 	 1 
East Kalimantan 3 0 
South Sulawesi 2 	 1 
North Sulawesi 1 1 
West Lesser Sunda Island 
Maluku 	 1 	 0 
Source: CITES Office of PHPA (1998) 
PHPA: Directorate General of Forest Protection and Nature Conservation. 
ON 
Table 6.7. Ranges of price of gaharu in local trade in different towns of Indonesia in 1996 to 1997 
Quality of Price kg' according to town ($US) 
gaharu 
Aceh Pekanbaru Penyengat Jambi Jakarta Surabaya Pontianak Tarakan 
Super  212.0-254.0 254.0-317.7 42.4-148.2 190.6-211.8 423.5-1058.9 296.5-317.7 200.0-300.0 250.0-600.0 
Super BorAB 148.0-170.0 211.5-232.9 29.6-33.9 63.5-74.1 296.5-381.2 211.8-254.1 150.0-200.0 150.0-450.0 
Super C or BC . 85.0-106.0 105.9-127.1 12.7-19.1 29.6-42.3 190.6-254.1 105.0-116.5 100.0-150.0 90.0-300.0 
Tanggung 68.5-84.7 25.4-101.7 8.5-10.6 12.7-14.8 63.5-127.1 31.8-84.7 75.0-100.0 15.0-175.0 
Ten kacang 12.7-21.2 2.5-8.5 2.1-4.2 10.6-12.7 5.1-8.5 10.6-12.7 10.0-12.0 60.0-140.0 
padat 
Teri timbul - 2.1-2.3 - - 3.2-4.2 - 7.0-10.0 30.0-175.0 
Teri layang - 1.5-1.7 - - 1.9-2.1 - 5.0-7.0 17.0-62.0 
Kemedangan 1.1-2.1 1.1-1.3 0.2-0.8 1.1-1.7 0.8-1.7 0.8-1.7 4.0-5.0 1.0-25.0 
= No records; Values in are presented in range and except for column 9 values are based on observation and interview. Value in 
column 9 refers to Momberg et al., 1994. l$US was equal to 2,361 Rp in 1996 and early 1997. For methods see text 
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Table 6.8. Average export price of gaharu resin and gaharu wood (kg), regardless of 
recipient country, from Indonesia between 1981-1996 
Export products 	Minimum 	Maximum Mean and SE 
($US) ($US) 	($US) 
Gaharu resin 	 0.1 	94.2 29.5 ±4.6 
Gaharu wood 0.4 11.5 	5.0±2.9 
Source: BPS (1981-1996). Value for column 3 are means ± SE (n=16 in each case). 
1 $ = 2,361 Rp in 1996 and early 1997. For methods see text. 
Table 6.9. Mean of international price ($US) of gaharu resin and gaharu wood kg' 
according to recipient country between 1981-1996 
Countries 	 Price ($US) kg' 
Gaharu resin 	Gaharu wood 
Singapore 11.4± 	4.8 6.8±3.9 
Malaysia 10.9 ± 15.4 No Record 
Saudi Arabia 59.1±35.7 23.3± 15.6 
United Arab Emirates 39.9 ± 34.3 0.3 ± 0.0 
Japan 20.9 ± 26.4 No record 
Taiwan 7.4± 	4.5 1.5±0.9 
Hong Kong No record 0.8 ± 0.2 
Source: BPS (1981-1996). Values are means ± SE (n=16 in each case). 
1 $ = 2,361 Rp in 1996 and early 1997. For methods see text. 
Table 6.10. Mean of export mass and value of gaharu resin and gaharu wood from 
Indonesia between 1981 to 1996 
Product 	 Mass (tonne) 	 Value ($Us x 1000) 
Gaharu resin 	174:9± 107.1 	 2014.2± 1401.9 
Gaharu wood 46.4 ± 44.2 488.5 ± 329.0 
Source: BPS (1981-1996). Values are means ± SE (n=16 in each case), 
1 $ = 2,361 Rp. in 1996 and early 1997. For methods see text. 
214 
Table 6.11. Mean of export mass and value of gaharu resin from Indonesia according to 
export destination between 1981 to 1996 
Importing 	 Mass (tonne) 	Value ($US x 1000) 
countries 
Singapore 	 114.3 ± 59.6 	1239.5 ± 734.4 
Saudi Arabia 6.1 ± 2.8 106.2 ± 40.4 
Taiwan 68.3 ±43.1 458.1± 388.0 
Japan 28.9 ± 12.9 25.3 ± 	19.6 
United Arab Emirates 10.1 ± 	7.4 147.9 ± 	92.9 
Malaysia 22.9± 13.4 3.1± 1.6 
Sources: BPS (1981-1996). Values are means ± SE (n= 16 in each case). 
1 $= 2,361 Rp in 1996 and early 1997. For methods see text. 
Table 6.12. Mean of export mass and value of gaharu wood (kg) from Indonesia 
according to export destination between 1981 to 1996 
Importing Mass (tonne) Value ($US x 1000) 
countries 
Singapore 43.7±38.9 147.2± 126.4 
Saudi Arabia 4.5± 3.6 108.5± 118.5 
Taiwan 32.6±34.4 20.5± 	9.9 
Hong Kong 12.1± 8.2 8.3± 4.3 
Sources: BPS (1981-1996). Values are means ± SE (n= 16 in each case). 
1 $= 2,361 Rp. in 1996 and 1997. For methods see text. 
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lable ô. 13 a. thological criteria tor inclusion ot Aquilaria spp. in UI IIS Appendix I 
Biological Criteria 
	
CITES 	A. beccariana A. cumingiana 	A.filaria 	A. hirta A. malaccensis 	A. microcarpa 
Guidelines 
A The wild population is small and is characterized by at <5,000 x ? x x 
least one of the following individuals 
1 An observed, inferred or projected decline in the number ? ? ? ? 
of individuals or area and quality of habitat 
2 Each population being very small x ? ? x x 
3 A majority of individuals, during one or more life- ? ? ? ? ? ? 
history phases, being concentrated in one sub population 
4 Large short-term fluctuations in the number of ? ? ? ? ? 
individuals 
5 High vulnerability due to the species biology or behavior x ? ? ? x x 
including migration 
B The wild population has a restricted area of distribution 10,000 km2 x 4 ? 4 x x 
and is characterized by at least one of the following 
I Fragmentation or occurrence at very few locations 500 km2 x '.1 ? 4 x x 
2 Large fluctuation in the area of distribution or the 2 years x ? ? ? x x 
number of sub-populations 
3 High vulnerability due to the species biology or behavior x ? ? x x 
including migration 
4 An observed, inferred or projected decline in area ? ? ? 
distribution or the number of sub-populations or the 
number of individuals or area and quality of habitat 
reproductive potential 
C A decline in the number of individuals in the wild which 50% within x x x 
has been either 5 years or 
generation - 
1 	Observed as ongoing or as having in the past 	 ? 	? 	? 	 ? 
2 Inferred or projected decrease in area or quality of 	 ? 	 ? 	 ? ? ? 
habitat or levels or pattern of exploitation 
3 	Threats from extrinsic factors such as pathogens 	 x 	 ? 	 ? 	? 	x 	 x 
4 Decreasing reproductive potential 	 ? ? ? ? ? ? 
D If the species is not included in Appendix I, it would 
satisfy with A,B or C a period of five years 
Recommended status for Appendix I 	 ? 	? 
The value in column 3 are the CITES example for each criteria as a guideline but not a threshold (see CITES Res. Corn 9.24). 	qualifies; x: does not 
qualify;?: insufficient data; Q: Qualifies under criterion. For methods see text. 
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Table 6.13b. Biological Criteria for the inclusion of Aquilaria spp. in CITES Appendix II in accordance with Article II, 




Guidelines 	A. beccariana A. cumingiana A. filaria A. hirta 	A. malaccensis 	A. microcarpa 
A The wild population will meet at least either the <5,000 x ? ? ? x x 
following criteria in the near future individuals 
I An observed, inferred or projected decline in the number ? 
of individuals or area and quality of habitat 
2 Each population being very small x ? ? ? x x 
3 A majority of individuals, during one or more life- ? ? ? ? ? ? 
history phases, being concentrated in one sub population 
4 Large short-term fluctuations in the number of 2 years ? ? ? ? ? ? 
individuals 
5 High vulnerability due to the species biology or behavior x ? ? ? x x 
including migration 
B It is known, inferred or projected that the harvesting of 5000 ? 
specimens from the wild for international trade has or individual 
may have a detrimental impact on the species by either trees year- ' 
1 Exceeding, over an extended period, the level that can be x ? x x 
continued in perpetuity 
2 Reducing it to a population level at which its survival ? 
would be threatened by other influences 
Recommended status for Appendix II Q Q Q Q Q Q 
The value in column 3 are the CITES example for each criteria as a guideline but not a threshold (see CITES Res. Corn. 9.24) 
I: qualifies; x: does not qualify;?: insufficient data; Q: Qualifies under criterion. For methods see text 
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Table 6.13 c. Biological Criteria for the inclusion of Aquilaria spp. in CITES Appendix II in accordance with Article II, 
Paragraph 2 (b) of the CITES Convention 
Biological criteria 	 Guidelines 
A. beccariana 	A. cumingiana A. filaria 	A. hirta 	A. malaccensis 	A. microcarpa 
A The resemble specimens of a species included in Appendix 	Species in 
II under the provisions of Article II, paragraph 2(a), or in trade are in 
Appendix I, such that a non expert, with reasonable effort, is the form of 
unlikely to able to distinguish between them 	 wood or 
powder 
B The species is a member of a taxon of which most of the 	Species in 
species are included in Appendix II under the provision of trade are in 
Article II, paragraph 2(a), or in Appendix I, and the 	the form of 
remaining species must be included to bring trade in wood or 
specimens of the others under affective control 	 powder 
Recommended status for Appendix II 	 Q 	 Q 	 Q 	Q 	Q 	 Q 
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Figure 6.1. Domestic trade in gaharu in Indonesia between 1986 to 1996 (left for gaharu resin and right for gaharu woods). For 
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Figure 6.2. Annual export of gaharu resin (left) and gaharu wood (right) from Indonesia 
between 1981 to 1996 (BPS, 1981-1996). 















Figure 6.3. Annual Export of gaharu form India between 1974 to 1990 (left, adopted from 
Chakrabarty el al., 1994; Annual export of gaharu from Serawak, Malaysia between 
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Figure 6.4. International Price ($US) of gaharu resin (left) and gharu medang (right) kg'. In different recipient countries betwee1 19k' 
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Figure 6.5. The export value of gaharu resin and copal from Indonesia between 1988 to 
1996 (BPS, 1981-1996). 
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VL4. DISCUSSION 
VI.4.1. Trade in Gaharu 
The records of trade of gaharu from Indonesia between 1918 to 1925 indicate that a 
significant volume was traded at this time (Table 6.1). However, for unknown reasons, 
there was no record of trade in gaharu from Indonesia between late 1930 to early 1960's. 
The trade emerged again in early 1970's. BPS (1975-1979) and Sidiyasa and Suharti 
(1987) recorded that trade in gaharu in 1975 reached 242 tonnes. The trade in this product 
in the following year declined to 47.9 tonnes in 1976 and 16.2 tonnes in 1977 and almost 
disappeared by the end of 1970's. 
At the international level, over the same time, the trade in gaharu from India also 
fluctuated, declining to zero 1979 to 1984. The trade reemerged in 1985 and reached a 
peak in 1990 with a mass of trade recorded of more than 400 tonnes (Figure 6.3). 
However (Gianno, 1992) recorded that in the late 1970's, when the trade from Indonesia 
declined, the trade in gaharu in lowland Tasek Bera Malaysia reemerged. The forest of 
lowland Malaysia near Tasek Bera contained with many Aquilaria trees of different class 
sizes. de Beer and Mcdermott, (1989) in Chakrabarty et al. (1994) recorded that exports 
of gaharu from Malaysia in 1982 reached a peak of approximately 60 tonnes and declined 
over the following year to less than two tonnes in 1985 (Figure 6.3). 
In 1981 BPS (1981-1996) recorded that trade in gaharu from Indonesia reappeared with a 
mass of export reaching almost 500 tonnes (Figure 6.2). This value was recorded as the 
highest mass of trade in gaharu from Indonesia during the 1980's and possibly in the 
1990's with the mean mass of export of 174.9 tonnes yeaf' for gaharu resin and 46.4 
tonnes yeaf 1 for gaharu woods (Table 6.10). The records of trade in the following year 
fluctuated between 20 tonnes to 200 tonnes per annum. From 1992, the trade from 
Indonesia steadily increased up to almost 400 tonnes per annum in 1995 and declined to 
285 tonnes in 1996 (Figure 6.2). The decline was reported to continue in 1997 with the 
recorded mass of trade at 180 tonnes (DJPHPA, 1997). 
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These above figures of international trade suggested that the export mass of gaharu from 
each producing country has always fluctuated over time. Although the cause of 
fluctuations may vary from product preference to market to saturation, in the case of trade 
in gaharu it appears that the main cause of fluctuations was lack of supply. Each 
producing country appears to act as a complementary supplier. For example when the 
trade in gaharu from India declined (1979-1984), Indonesia and Malaysia increased their 
market share. On the contrary from 1985 to 1990, when trade from Indonesia and 
Malaysia declined, India substituted the international supply. 
From the buyers standpoint, in general the major importing countries of gaharu from 
India are United Arab Emirates, Saudi Arabia, United Kingdom, Bahrain, Singapore, 
Taiwan and Japan (Chakrabarty et al., 1994). BPS (1981-1996) recorded that countries 
that regularly imported from Indonesia are Singapore, Saudi Arabia, Taiwan, Japan, 
United Arab Emirates and Malaysia. Of the six countries, Taiwan ranks as the major 
importing country followed by Singapore (Table 6.11 and 6.12). However, it seemed that 
Singapore only serves as the transit point. The products were re-exported to the final 
destination such as Saudi Arabia or other countries in the Middle East. Chakrabarty et al. 
(1994) and Yamada (1995) recorded that Singapore is a transit trade of gaharu in South-
East Asia. In early 1990's approximately 2,000 tonnes of gaharu was traded annually in 
Singapore (Yamada, 1995). 
Given that the annual domestic figures of trade in lower grade gaharu were higher than 
the trade in higher grade of gaharu, and given that the yield of high grade gaharu (per 
visit) collected from the forest interior of Sumatra and Kalimantan (and presumably 
elsewhere in Indonesia) are in general lower than the lower grade (Chapter V), it is 
surprising that the mass of annual trade in gaharu resin (high grade of gaharu) from 
Indonesia between 1981 to 1996 was higher than in gaharu wood (lower grade of gaharu) 
(Figure 6.2 and Table 6.10). 
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In response to the contrast between the mass of annual trade in gaharu between domestic 
and export markets (Figure 6.1 and 6.2), the exporters (40%) admitted that they marked 
up the lower grade quality (gaharu woods) as gaharu resin to cover the ongoing trade in 
the best quality of gaharu which takes place on the spot. Normally, individual buyers 
come to Indonesia to see the products and negotiate the price. As the mass of the finest 
gaharu is generally between 0.5 to 20 kg, the traders or buyers normally transport the 
products as by hand during the airline carriage. Since A. malaccensis and its associate 
products (gaharu) were listed on Appendix II of CITES after 1994 (CITES, 1994'), these 
activities should be considered as illegal trade. It seems that the traders also like to 
control supply for the sake of better price. This was supported by the figures of domestic 
annual trade in gaharu, regardless of the quality, which were not equal to the annual 
export for the correspond year. 
V1.4.2. Value 
Although the traders in Indonesia appear to agree that the quality of gaharu is graded into 
eight classes (Table 6.2), in reality as there is no standardized grading and for the 
beginners it is difficult to differentiate between one class and another. In general, local 
traders often (78.5%) used the grade system as a tool'to negotiate the price of gaharu or 
even to devalue the monetary value of gaharu to the collectors. Chakrabarty et al. (1994) 
and Baruah et al. (1982) recorded that in India the product is graded into four classes. 
However, the grade in Dubai was recorded as divided into eight classes (Chakrabarty et 
al.,1994). Similarly, the grading in India is also based on the quality of resin 
concentration hence there is no formal standardized of gaharu products. 
The price of gaharu in 1920's in Kalimantan was recorded between 100 to 300 gulden 
pikuV 1 in Malawi and 600 gulden pikul 'in Sintang West Kalimantan (Heyne, 1927; one 
gulden equals to 1,050 Rp in 1996 and one pikul equals to approximately 100 kg). The 
export price of gaharu from Indonesia in 1970's was recorded at approximately $US 0.8 
kg-1 (Sidiyasa and Suharti, 1987). Based on the BPS (1981-1996), the highest price of 
gaharu resin from Indonesia was worth at $US 94.2 kg ' with a mean value of $US 29.5 
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kg-1 , while the highest price for gaharu wood was $US 11.5 kg -1 with a mean value of 
$US 5.0 kg-1 (Table 6.8). The highest price of both type of gaharu from Indonesia was set 
by Saudi Arabia followed by United Arab Emirates (Table 6.9). 
At the international level the price of gaharu from Indonesia appears to fluctuate and is 
currently very low (Figure 6.4). Chakrabarty et al. (1994) reported that the lowest class of 
gaharu in Dirhams, India was $US 110 kg -1 while the best quality of gaharu at the same 
place was worth $US 1,233 kg'. It was also reported that the price of best quality gaharu 
in Malaysia in 1976 was $US 28.57 per kati (626 g) while the best quality of gaharu in 
Vietnam was recorded at $US 100 kg'. Shyun (1997) recorded that the price of best 
quality gaharu in Malaysia in 1996 was $US 1,000 kg'. However, the price of gaharu in 
Indonesia is somewhat confusing. The retail price of best quality gaharu in Jakarta in 
1996 was between SUS 423.5 to 1058.9 kg' and for the same quality at Pontianak, West 
Kalimantan was between $US 200 to 300 kg 1 , while for best quality in Tarakan, East 
Kalimantan was between $US 250 to 600 kg -1 (Table 6.7). The retail price of gaharu in 
Indonesia appeared to be much higher than the reported export price. These data support 
the previous statement that most (if not all) of the finest gaharu from Indonesia is traded 
on the spot and is therefore traded illegally. 
Compared to other resin forest products, such as copal, the export value of gaharu from 
Indonesia has increased from 1988 to 1996 (Figure 6.5). BPS (1988) recorded that the 
mean price of copal from Indonesia in 1988 was $US 0.55 kg'. Muttaqin (1980) in 
Jessup and Peluso (1985) recorded that the price of rattan from Indonesia in 1978 was 
$US 422.8 kg-1 . By comparison, the ratio export value of gaharu from Indonesia in 1996 
to the national export (excluding oil and gas) was only 0.1-07 % (BPS, 1996). Although 
the contribution of trade in gaharu to the national earning value is very small, the benefit 
of the trade to the local people in Indonesia is considered important (Mac Kinnon, 1998). 
Further studies are needed to assess the contribution of trade in gaharu at the community 
level in the regions of Indonesia where trade occurs. 
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VI.4.3. Sustainability 
Godoy and Lubowski (1992) pointed out that the sustainable economic value of a non 
timber forest product is difficult to estimate. In the case of gaharu, there is no direct 
relation between the growth rate of the plant and the resin content. Stearman (1990) 
pointed out that anthropologists often used indirect measures when measuring 
sustainability of hunting, such as increases in distance, frequency and duration of hunts, 
increases in the capture of smaller animals and movement of human settlements. The case 
of hunting is generally similar to search for gaharu. The frequency and duration of 
searching for gaharu as well as the results of harvest could be used as indicators of 
sustainability of harvesting gaharu. Redford and Robinson (1985) stated that the only way 
to assess hunting sustainability is to compare rates of an animal killed in hunting with 
rates of natural reproduction from censuses animal populations in the wild. For the case 
of gaharu, similar studies were under taken in Kalimantan (see Chapter III and IV). 
However, Hall and Bawa (1993) pointed out that economic sustainability is not always 
consistent with ecological sustainability. Resources may decline, as a result of excessive 
harvesting, but the demand for the resources may keep constant or even increase. There 
are many example of unsustainable harvest of non-timber forest products for example 
bamboo in Tamilnadu India (Hall and Bawa, 1993); palm species in Guatemala (Reining 
et al., 1991) and gaharu in India (Chakrabarty et al., 1994). As an exception, Peters et al. 
(1989) showed an example of sustainable use of a non-timber forest product at Mishana, 
Peru. Nevertheless, the case of Mishana is subject to temporal changes in market price 
and it should also be considered that not many tropical forests consist of valuable 
resources such as those in Mishana, Peru. 
In the case of gaharu, use continues to increase and the international demand for gaharu 
may be expected to persist in the future (Shyun, 1997; Ng. et al., 1997; Chakrabarty et 
al., 1994). Because currently the world wide supply of gaharu is mainly restricted to 
collections from the wild (MacKinnon, 1998; Momberg et al., 1997; Shyun, 1997; 
Chakrabarty et al., 1994), the question now is whether the trade of gaharu from Indonesia 
will be sustainable into the future. Lessons from the nature of trade suggests that the 
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lower the supply, the higher the price. For certain local traders of gaharu in Indonesia 
(3 5.7%) who also run other business the current lack of supply of gaharu is profitable as 
the sale price goes up. They often believe (57.1%) that the trees of Aquilaria will never 
disappear from the wild. Of the 10 exporters 30% believe, given that in each case the 
business of gaharu was inherited from their great grand father, that trade in gaharu is 
sustainable. 
However, as mentioned earlier, for many collectors the search for gaharu is now 
becoming more difficult while the yield of gaharu is very low (Chapter V). Because the 
yields are declining in quantity and quality, the payback from the middlemen or local 
traders is also currently low. On the contrary the costs for collecting remain the same or 
are even increasing as they need to visit the forest far longer periods (Table 6.4). As a 
result, competition among the collectors is increasing. The collectors tend to ignore the 
traditional approach to collecting gaharu. Nowadays, only 42% of those collectors 
interviewed indicated they still practice the traditional approach to collecting gaharu. In 
addition, because the cash owned by collecting gaharu per visit is low the collectors also 
tend to collect more to meet their costs. Hence the pressure on tree (Aquilaria) 
populations in the wild continues to increase over time. A similar situation is also 
reported in other producing countries of gaharu. Chakrabarty et al. (1994) reported that 
populations of Aquilaria spp. in India such as A Pradesh, Assam and Meghalay are now 
severely depleted. A similar situation also occurs in Brunei Darussalam (Yamada, 1995). 
To conserve the species of Aquilaria spp. in the wild, Government of Malaysia launched 
a special project on gaharu in 1997. The gaharu project will cover conservation and 
sustainable management of natural resources and the production of a non timber forest 
product using environment friendly techniques (Shyun, 1997). 
From the exporters standpoint, it is obvious that the trade activities are now declining. Of 
the 61 registered exporters of gaharu in 1996, only 18 companies are still active in 1997 
(Table 6.6). Seven (70%) of the exporters pointed out that the profit from gaharu 
businesses are now very marginal. Because it is hard to get the best quality of gaharu the 
cost for running the businesses are also becoming expensive (Table 6.5). Only two of the 
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10 exporters possess Aquilaria plantations and expect to continue the business based on 
gaharu from plantations. Although there has not any gaharu ever been harvested from the 
plantation in Indonesia, owing to lack of inoculation technique, since 1997 a trader in 
Riau, incorporation with BIOTROP's researchers, have been working to develop the 
inoculation technique (Soehartono, personal observation). 
In response to future sustainability, 56.6% of collectors in Kalimantan believe that their 
activities will be sustained and they believe traditional control (adat) for collecting 
gaharu should be enforced. In response to this idea WWF Kayan Mentarang (1994) has 
initiated to revive the adat control in East Kalimantan, however the result is not 
promising. Most of the local traders (57.1%) were confident that their business will 
continue. However, 50% of the exporters are now preparing to leave the business as the 
trade is not lucrative enough, although they will restart activities when the trade becomes 
more profitable. 
The above description suggest that the future trade of gaharu in Indonesia may be open to 
doubt. Although some of the people who are involved in the gaharu trade believe that the 
trade will be sustained, the earlier evidence and data from the previous chapter suggest 
that unless proper conservation management is applied the current trade in gaharu in 
Indonesia may not sustainable. 
VI.4.4. Gaharu and CITES 
The trade figure of gaharu from Indonesia for the past ten years has indicated that the rate 
of felling of Aquilaria trees in each region, where the species occur such as Sumatra and 
Kalimantan, is leading towards an unsustainable harvest. The size of felled trees of 
Aquilaria are getting smaller which indicate that the harvested trees are getting younger 
(Chapter V). The length of visits to the forest for searching gaharu is also increasing 
which suggests that locating trees ofAquilaria is more difficult. 
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The current forest reduction in Sumatra and Kalimantan contributes to the decline of area 
of distribution of the species. In addition the regeneration processes of Aquilaria trees in 
the two islands during the past five years has been hampered by forest fire which 
resulted from the ENSO (El Niflo). This study indicated that forest fire in East 
Kalimantan site in 1998 killed most of the young A. microcarpa. Felling Aquilaria trees 
for gaharu also contributes to the damage of young Aquilaria which may also reduce the 
ability of the species to regenerate. 
Although standing stock of mature Aquilaria trees (10 cm dbh), regardless the species, in 
the wild is estimated far more than a limited population number developed by CITES res 
conf. 24, 1994, and the simulation indicates that the species has a coefficient regeneration 
generally more than one, the current rate of logging of Aquilaria for gaharu may exceed 
the capacity for regeneration. The world-wide commercial demand of gaharu may also 
continue as long as the product still exists suggesting that searching for gaharu and felling 
the Aquilaria will continue until the trees disappears from the wild. 
In using the criteria, this study notes that there are two limitations of CITES (1994). The 
first is there is a lack definition of the terms 'discontinuities' or 'disjunction' in the area 
of distribution (res. conf. 9.24, annex 5). The term needs additional geographic and/or 
quantitative qualification, or otherwise it might easily be open to a variety of 
interpretation. There are some cases where the area of distribution of tree populations are 
naturally discontinuous. In the case of this study, given that the Aquilaria populations in 
the forest are not distributed evenly it is obviously difficult to assess whether populations 
of A. malaccensis in Sumatra and Kalimantan are currently disjunct or not. The second 
limitation is the CITES definition of 'population'. The current criteria is robust since it 
covers the entire age structure. For the case when number of offspring outnumbers the 
mature specimens, without additional thorough ecological assessment, this criteria might 
easily be misused. 
Gaharu products derived from other species of Aquilaria are unlikely to be distinguished 
between species even with reasonable effort. Furthermore, since A. malaccensis has been 
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listed in Appendix II of CITES since 1995, all gaharu products, as required by article II, 
paragraph 2 (a) or Appendix I of the CITES and for effective international control, 
qualify to be included in Appendix II of CITES. Therefore all Aquilaria species qualify to 
be listed in Appendix II of CITES. 
Based on ecological criteria, A. hirta and A. cumingiana might qualify for inclusion in 
Appendix I of CITES. However, products from different Aquilaria species are very 
similar in appearance, which create problems for custom officials in recognizing whether 
a product originates from a species listed as Appendix I (A. hirta and A. cumingiana) or 
Appendix II. Given that the application of this criteria is not easily applicable for the 
enforcement of trade of non-timber forest products, particularly for gaharu, range states 
should consider to call the convention to re-evaluate CITES criteria (res. conf. 9.24 annex 
2b, 1994). 
The next question is whether the listing of all Aquilaria species under Appendix of 
CITES will help to conserve the species and effectively control the trade. This study 
suggests that with or without CITES's control, the trade in gaharu may continue as at 
present. The listing of A. malaccensis does not change much of the trade mechanism. 
Many of finest gaharu, as described previously, are traded on the spot and are transported 
illegally. The official figure of mass of gaharu of either quality being traded from 
Indonesia after CITES listing (1995 and 1996) increased. Together with the undercover 
trade the mass of gaharu being traded during this period was even higher. This 
preliminary figure suggests that CITES has not effectively regulated on the trade and 
sustainable use of the species. 
In order for CITES to be effectively implemented, parties, the range states and the buyers, 
should work together to implement the CITES convention. The range states should 
carefully established the annual quota system for trading gaharu and harvesting the 
Aquilaria trees. The enforcement of trade and harvest mechanisms in the range countries 
must be consistently maintained and similarly in the buyer sites the trade enforcement 
should also strongly implemented. These mechanisms may have a cost consequence, 
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however, for the benefit of conservation the tax system to could be applied as a funding 
source for an administration and controlling of the trade. At the source level, range states 
should continue to support the ongoing research on inoculation of gaharu on plantation. 
Range states in cooperation with buyers should work together in developing such 
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Aquilaria species are tropical trees that are known to produce the fragrant wood known as 
gaharu. Of the 15 species of Aquilaria spp., six occur in Indonesia (Aquilaria 
malaccensis, A. microcarpa, A. hirta, A. beccariana, A. cumingiana and A. jilaria) (Ding 
Hou, 1960; Burkill, 1935; Ridley and Hutchinson, 1924). Gaharu is a resinous wood used 
in Chinese, Indian and Arabic communities as incense, perfumes, etc. 
This research aimed to address a series of questions, which were listed in chapter I of this 
thesis. The questions were: 
What is the current population density and distribution of Aquilaria? 
Are the species regenerating naturally? 
What are the factors influencing regeneration? 
What is the impact of the trade in gaharu on the populations of the species in natural 
forests? 
What is the conservation status of the species in relations to IUCN categories and the 
CITES convention? 
Are the species being sustainably harvested? and Will the trade in gaharu in Indonesia 
be sustainable? 
This chapter addresses each of these questions in turn, by integrating results presented in 
different chapters. 
VII.!. WHAT IS THE CURRENT POPULATION DENSITY AND 
DISTRIBUTION OF Aquilaria? 
The study found that, although in general the distribution of natural populations of 
Aquilaria species in Indonesia is consistent with the previous studies by Ding Hou 
(1960), Burkill (193 5) and Ridley and Hutchinson (1924), the current data indicated that 
these populations may have recently contracted. The data showed that some of the places 
where the species was previously known to occur such as West of Sumatra, Central 
Kalimantan and islands of Bangka and Belitung regions, were not recognized in the NFl 
database as containing Aquilaria today. 
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Two possibilities might occur in assessing the current species distributions. The first is 
the distribution of Aquilaria has contracted due to recent high harvesting of gaharu and 
habitat conversion in Sumatra and Kalimantan. Chapter V indicated the annual trade in 
gaharu from Sumatra and Kalimantan between 1991-1996. Furthermore, based on these 
trade data it was estimated that more than 20 thousand Aquilaria trees were felled 
annually in Sumatra and more than 50,000 trees of the same species were felled every 
year in Kalimantan during this period. For the past five years, approximately 13.74% 
forest in Sumatra and about 7.93% forest in Kalimantan have been converted for other 
purposes such as, agricultural, estate plantations and settlements (INTAG, 1996; Jepma, 
1995; Grainger, 1993; Ministry of Forestry of Indonesia/FAO, 1990). These two 
activities might have contributed to the decline ofAquilaria populations in those regions. 
The second hypothesis is that the occurrence of Aquilaria species in natural forests was 
overlooked in NFl samples (Chapter II). Spatial distribution of Aquilaria populations 
tends to be clumped (see Chapter II), these populations my have been missed simply due 
to a consequence of the sampling system adopted. The use of systematic sampling which 
the NFl currently uses, might not always be applicable for assessing the distribution of a 
species which poses such characteristics (Chapter II). 
Based on the NFl data, the species appears to be located in both lowland and upland area 
and also on ridge slopes. This finding is consistent with the distribution of Aquilaria 
species in Assam India (Beniwal, 1989) and the distribution of A. beccariana in 
Northeast Kalimantan (Soehartono, 1997 personal observation). However, during the 
field inventory, A. microcarpa and A. malaccensis were also found near creek areas and 
swampy areas. This finding is consistent with the distribution of A. malaccensis in 
lowland Malaysia (La Frankie, 1994). 
A number of authors have studied the density of individuals of Aquilaria in lowland 
Sumatra and Kalimantan. Sidiyasa et al. (1986) has carried out an inventory of Aquilaria 
species in 0.1 ha of lowland forest in South Kalimantan. Misran (1987) has made a 
similar investigation of Aquilaria populations in five ha of lowland forest area in 
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Bengkulu, Sumatra, while Roemantyo (1992) carried out an inventory of Aquilaria 
species in one ha of lowland forest in Ipuh, Bengkulu, Sumatra. 
This study has for the first time provided estimates of the density of Aquilaria in natural 
populations in throughout the range in lowland and upland Sumatra and Kalimantan. 
Based on the NFl data, the mean density of the species per unit area (ha) is low (less than 
one individual ha' , except for upland Kalimantan where density was less than two 
individuals ha'). The field inventory of A. malaccensis in West and A. microcarpa in 
East Kalimantan revealed a similar result. The density values are consistent with other 
studies of density of Aquilaria in Assam (Beniwal, 1989) and in Malaysia (La Frankie, 
1994) as well as other studies in Sumatra (Roemantyo, 1992; Misran, 1987). However, 
there was a significant difference between the results of this assessment with those 
findings by Sidiyasa et al. (1986) in South Kalimantan which revealed that density of 
mature Aquilaria (dbh> 10 cm) was more than 20 individuals in 0.1 ha. Unfortunately, 
there was no clear description on the inventory procedure in the latter example. 
Based on the NFl data and field inventory in Kalimantan, the study has also estimated the 
spatial distribution of Aquilaria in lowland and upland Sumatra and Kalimantan. Except 
for upland Kalimantan (Poisson), the spatial distribution of the species in the two islands 
followed a geometric model. In addition, this study also estimated the probability of 
locating individual trees of Aquilaria species (dbh ~!10 cm) in lowland and upland areas 
of the two islands (0.4 for upland Kalimantan and <0.3 for other area in Sumatra and 
Kalimantan). Although the distribution of A. malaccensis in lowland Malaysia was 
described as even, this study indicated that natural populations of the species in Sumatra 
and Kalimantan tend to be clumped. 
Despite the above limitations, this study has demonstrated the benefit of having a long 
term national forest inventory such as the NFl in Indonesia. The inventory data is useful 
for assessing the nation's forest resources as well as preparing a management plan per 
unit area or per species basis. The nature of the difficulties of conducting inventory in 
tropical forest such as in Indonesia are a result of the large forest areas, limitations of 
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resources and manpower as well as forest expertise. For the improvement of data quality, 
in the near future the NFl should consider re-evaluating the field monitoring procedures. 
VH.2. ARE THE SPECIES REGENERATING NATURALLY? 
The question of species regeneration was addressed in several part of this study. Chapter 
II and Chapter III elaborated the regeneration process of Aquilaria species. The key 
processes included in regeneration are flowering, pollination, fruiting and seed dispersal 
as well as seed germination (Primack, 1990). Each of these processes was addressed to 
some extent. 
Unlike Dipterocarp tree species, which flower every 3-5 years (Yap and Chan, 1990), 
Aquilaria species flowers and fruits annually. Unless there is a natural disaster such as 
fire, seed supply and seedling recruitment of this species will therefore occur annually. 
This finding was consistent with the study of A. agallocha in Assam India; the species 
fruits annually (Beniwal, 1989). However, as with other tropical trees, as the trees age 
fruit production declines (Plumptre, 1995). This study suggests that the fruit production 
of A. malaccensis starts declining at a dbh of approximately 40 cm, while the production 
of fruit from trees of A. microcarpa started declining at a dbh of approximately 50 cm. 
Flowering and fruiting of these species may vary throughout Indonesia. The study found 
that flowering of A. beccariana, A. malaccensis and A. microcarpa in Sumatra and 
Kalimantan occurred during the dry season. Swaine et al. (1997) revealed that in general 
many tropical trees fruit during the dry season. However, some individuals of A. 
malaccensis in a plantation at Bogor, flowered during the wet season and A. filaria in the 
same plantation flowered throughout the year of 1997. The study found that flowers of A. 
filaria, A. malaccensis and A. microcarpa are not autogamous. The flowers are pollinated 
by a wide range of insects which come from the immediate vicinity. This suggested that 
the species could readily be brought into cultivation in plantations. 
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Nursery experiments indicated that the seeds germinate between seven to 30 days after 
sowing. Except for A. filaria, the probability of germination is generally more than 50%. 
This result was similar to the germination rate of A. agallocha in India (Beniwal, 1989). 
Because there was no germination experiment in the field it was difficult to assess the 
germination success of the species in natural forest. 
Based on seedling growth, compared to S. argentfolia and S. paucflora (Still, 1996) the 
growth rate of seedlings of A. malaccensis and A. microcarpa was relatively high. In 
general, seedling mortalities of the two species in West and East Kalimantan were 
approximately 50%. By comparison Turner (1990) recorded that mortalities of seedlings 
of S. curtisii in Malaysian tropical forest were over 60%, while mortalities of seedlings S. 
leprosula in Sabah were over 30% (Still, 1996). However, in the nursery experiments, 
compared to some seedlings of Dipterocarp species such as S. curtisii and S. macroptera 
(Turner, 1989), the mean of growth rate of seedlings of A. malaccensis was low. 
Based on analysis of population structure of A. malaccensis in West Kalimantan and A. 
microcarpa in East Kalimantan, using matrix modelling approaches, the coefficient of 
regeneration of the two species in the two areas was more than one (1. 22 and 1. 20 
respectively). This indicated that the two populations are increasing over time and 
accordingly, this study concluded that the species is naturally regenerating. 
VII.3. WHAT ARE THE FACTORS INFLUENCING REGENERATION? 
Although under normal conditions, the species may regenerate well, there are several 
factors which might influence the natural regeneration such as climate (e.g. temperature 
and light), presence of seed and fruit disperses, and seed or seedling predators (Swaine, 
1996; Bawa ci' al., 1990). Long droughts such as that caused by El Niflo and forest fire in 
1996 and 1997 in Sumatra and Kalimantan may have created non-favorable conditions 
for seeds to germinate. In the case of Aquilaria spp, the recent forest fire, apart from 
destroying most of seedlings and some of the mature trees (Chapter IV), many also drive 
away the species pollinators (Kinnaird and O'Brien, 1998). Together these factors may 
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explain why few mature Aquilaria trees in Sumatra and Kalimantan fruited in 1996 and 
1997. 
The study found that there was a positive correlation between irradiance and growth of 
seedlings of A. malaccensis and A. microcarpa. This indicated that in natural forest 
seedlings of the species grow more rapidly under gap conditions. This finding is useful 
for managing the process of seedling and sapling establishment in natural forest as well 
as in plantations. 
The size of fruits of Aquilaria species range from 1.5 cm to 3.75 cm, while the seed mass 
ranges between 0.03 g to 1.7 g. The fruit's colors are green to yellowish when are 
repining. This type of fruit attracts birds and small mammals such rodents and squirrels 
(Gautier-Hion, 1990; Howe, 1990). Birds may serve as seed vectors but rodents and 
squirrel are likely to be main predators. The observations of squirrel faeces indicated that 
the eaten seeds were all digested. 
Other factors which may hamper seedling establishment are vertebrate predators and 
human activities. Chapter IV described the fact that some seedlings of A. malaccensis 
and A. microcarpa in West and East Kalimantan were destroyed by browsers such as deer 
and others were damaged by trampling and cutting of trees by humans. 
VII.4. WHAT IS THE IMPACT OF THE TRADE IN GAHARU ON THE 
POPULATIONS OF THE SPECIES IN NATURAL FORESTS? 
The trade of this product from Indonesia was recorded since the 15 th century (Momberg 
et al., 1997). The trade mass of this product fluctuates from year to year. The mean 
annual export of gaharu from Indonesia during the last ten years is 200 tonnes (BPS, 
1986-1996). At the international level Singapore, Malaysia, Vietnam and India are the 
main exporting countries of gaharu. The main importing countries are Saudi Arabia, 
United Arab Emirates, Jordan, Hong Kong, Taiwan and Japan (BPS, 1986-1996). 
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Most gaharu, if not all, is harvested from infected Aquilaria trees in natural forest. In 
Indonesia gaharu is harvested from the forest in Sumatra and Kalimantan and most 
recently the product has also been harvested from Maluku and Irian Jaya. The collectors 
spend from two to more than 60 days, depending on finance available, in the forest 
searching for gaharu. The mean yield of gaharu collected per tree appears now to be very 
low (< 1kg) (Chapter VI) 
Gaharu at the local market fetches up to $US 500 kg 1  and at the international market the 
price of gaharu rise up to $US 1,000 kg '. Because the trade appears to be very lucrative, 
it encourages local people to search and harvest gaharu extensively (Chapter VI). As a 
result many Aquilaria trees have been felled for the purpose of collecting gaharu. Based 
on the trade figure between 1991-1996 it was estimated that 75,000 trees of Aquilaria 
were felled in Riau, Sumatra, and more than 200,000 trees of Aquilaria were felled in 
East Kalimantan (Chapter V). 
Because yield of good quality gaharu from Sumatra and Kalimantan is declining, for the 
past three years some gaharu traders have begun searching for the product in Maluku and 
Irian Jaya (Chapter VI). Populations of Aquilaria in Sumatra and Kalimantan have been 
recorded as depleted (Momberg et al., 1997; Hartadi, 1997; WWF, 1994). The density of 
mature trees of Aquilaria (>10 m dbh) in lowland and upland Sumatra and Kalimantan 
appears to be very low. Except for upland Kalimantan the density of individual trees of 
Aquilaria is lower than one per ha (Chapter II). Although the gaharu collectors reported 
that the effort for searching gaharu in the forest in Sumatra and Kalimantan is increasing 
and the trees of Aquilaria in the wild are becoming difficult to locate, there is no 
comparison data to verify this information. However, the mean size of Aquilaria trees 
felled for gaharu in three sample areas was relatively small; for A malaccensis the mean 
was approximately 28 cm dbh and for A. microcarpa was about 31 cm dbh, while for A. 
beccariana was <15 cm dbh (Chapter V). By comparison, the mean size of A. 
malaccensis in un-harvested areas in West Kalimantan was 42 cm dbh and A. microcarpa 
in East Kalimantan was 60 cm dbh. 
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For the first time, this study has demonstrated the impact of felling Aquilaria trees on the 
seedlings of the species and other species. Most studies of logging impact of tropical trees 
focus on the harvest of trees of dbh> 10 cm (Whitmore, 1988, 1993; Uhl et al., 1991; 
Bertault and Sist, 1997; Whitmore and Sayer, 1994). There is almost no example of a 
study of the impact of traditional felling for the extraction of a non-timber forest products 
on the forest particularly for stem sizes <10 cm dbh. The impact of felling of single 
Aquilaria trees together with collecting gaharu, which involves trampling, on the young. 
trees of Aquilaria was low. However, continous logging might suppress the process of 
regeneration. 
VII.5. WHAT IS THE CONSERVATION STATUS OF THE SPECIES IN 
RELATIONS TO IUCN CATEGORIES AND THE CITES CONVENTION? 
The IUCN Red List categories (1994) define the threat to species extinction into eight 
categories, namely extinct, extinct in the wild, critically endangered, vulnerable, lower 
risk, data deficient and not evaluated. With respect to CITES, article I of CITES (CITES, 
1994) defines the species known in international trade into Appendix I, II, III and non-
Appendix. Appendix I shall include all species threatened with extinction which are or 
may be affected by trade. Trade in specimens of these species must be subject to 
particularly strict regulation in order not to endanger further their survival and must only 
be authorized in exceptional circumstances. Appendix II shall include (a) all species 
which although not necessarily now threatened with extinction may become so unless 
trade in specimens of such species is subject to strict regulation in order to avoid 
utilization incompatible with their survival; and (b) other species which must be subject 
to regulation in order that trade in specimens of certain species referred to in sub-
paragraph (a) of this paragraph may be brought under effective control. Appendix III 
shall include all species which any Party identifies as being subject to regulation within 
its jurisdiction for the purpose of preventing or restricting exploitation, and as needing the 
co-operation of other Parties in the control of trade. The Parties shall not allow trade in 
specimens of species included in Appendices I, II and III except in accordance with the 
provisions of the present convention. 
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In the case of Aquilaria species, based on the trade data of gaharu between 1986-1996 
and forest decline in Sumatra and Kalimantan (1972-1990 and 1990-1996) and other 
regions, such as Maluku and Irian Jaya (1972-1990) the five species of Aquilaria in 
Indonesia (A. beccariana, A. cumingiana, A. hirta, A. malaccensis and A. microcarpa) 
qualify as vulnerable to extinction, while A. filaria is considered as data deficient (DD). 
For CITES, the assessment is somewhat complicated. Based on ecological data, such as 
population size, area of distribution and rate of population decline, two species (A. 
cumingiana and A. hirta) qualify for inclusion on Appendix I of CITES. Furthermore, 
based on the present status of A. malaccensis in Appendix II of CITES, according res. 
conf. 9.24, 1994, annex 2b, the six Aquilaria species qualify for listing in Appendix II of 
CITES. 
Based on article III paragraph 3c of the convention (CITES), species listed in Appendix I 
CITES requires that a Management Authority of the State of import is satisfied that the 
specimen is not to be used for primarily commercial purposes. If A. hirta and A. 
cumingiana were to be listed in Appendix I accordingly there would be no gaharu 
originating from the two species in the trade. 
However, the listing of two species under Appendix I would have very broad 
implications to the entire business of gaharu world-wide. As mentioned earlier, gaharu 
products appear to resemble each other and it is difficult, even for the experts, to 
distinguish the origin species. These might cause traffic enforcement problems. Because 
of this problem, range states may also have to put additional investment for controlling 
the trade. Therefore it is obvious that listing the species under CITES may not always be 
an effective mechanism in regulating the trade; it may instead create other consequences. 
For the case of Indonesia, listing A. malaccensis in Appendix II of CITES in 1994 has 
had no significant impact on conservation of the species. The trade of gaharu since 1994 
increase significantly (Chapter V). The annual quotas of trade in gaharu established by 
the Indonesian Institute of Sciences were defined without clear reasons also increased by 
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four times reaching 400 tonnes in 1995 (DJPHPA, 1996). Unfortunately, there were no 
data on trade in gaharu from other range states after the period of listing. The rise in 
trade in gaharu from Indonesia suggested that the demand for the product has risen. 
However, the more important implication for CITES as a trade control was its failure to 
conserve the species. This is partly because CITES does not provide clear guidance of the 
role of sustainable management of the species in the trade. The CITES's key words for 
species in the trade is "trade shall not be detrimental to the survival of the species (article 
III of the CITES)". If the species in trade becomes threatened by the trade, the CITES 
solution is to upgrade the status of the species into Appendix II or I (res. conf. 
9.24,1994). If the species which is listed in Appendix I was highly commercial 
prohibiting the trade may not be a proper solution (see the case of C. goffini in Indonesia, 
Mac Kinnon, 1998). 
In using the criteria it is not very clear whether the decline in the species is purely a 
result of trade in gaharu (article I of CITES). Except for Maluku area, given the felling 
estimate of Aquilaria in Sumatra and Kalimantan (Chapter V), the species may be 
affected by trade. However, to a large extent, recent forest conversions in the two islands 
may make a far greater contribution to the loss of Aquilaria's habitat (Chapter II). This 
suggests that controlling the trade alone might not be sufficient to ensure that the species 
will be conserved. Range states should ensure that adequate measures are addressed to 
conserve the species. 
Other possible options for maintaining the trade while conserving the species is through 
the application of forest certification. At present, certificate are granted to forest owners 
or forest concessionaires which have been proven to manage forest area sustainably 
(Upton and Bass, 1995). The certificate applies to timber products such as plywood and 
veneer. There has been no example yet of a certificate given for a non-timber forest 
product such as rattan, copal and resin, presumably because these products are considered 
as a common property to the local communities or harvesting has little ecological impact 
and become easily manageable. Unfortunately, this assumption is misleading. The cases 
of gaharu has proven that controlling of harvest and trade of gaharu is a difficult task. 
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Given the above problems, the assessors of sustainable forest management should start 
considering assessing the impact of commercial trade of non-timber forest products. 
Local communities which have been able to manage a sustainably harvest of non-timber 
forest products such as gaharu or rattan should be considered to be given a forest 
certificate. This will allow the communities to maintain and control the harvest of non-
timber forest products from their own forest areas. The communities will also have more 
opportunities and a stronger bargaining position to control the price and supply. The 
range states, on the other hand, should encourage the importing countries to provide 
special incentives for the importation of such products which are harvested from the 
certified forest. This system, although initially may require enormous investment from 
the government (i.e. educating local communities regarding forest management and 
certification), in the long run may provide very effective management without much 
impact on international conventions such as CITES. 
VII.6. ARE THE SPECIES BEING SUSTAINABLY HARVESTED? AND WILL 
THE TRADE IN GAHARU IN INDONESIA BE SUSTAINABLE? 
The approach to address whether the species is being sustainably harvested and whether 
the trade will be sustainable is illustrated in Figure 7.1. The approach involves four 
simultaneous studies on (i) population size and structure, (ii) ecological and regenerative 
capacity, (iii) harvest impact and (iv) trade. 
The population study (Chapter II) provided data on distribution, density and standing 
stock of Aquilaria at the genus level. These data are the most fundamental pieces of 
information required for species management. The data presented an estimate of total 
number of harvestable trees per ha in different forest types and indicated the size class 
distribution of mature trees (dbh> 10 cm). 
The regeneration study (Chapter III and IV) provided data on reproductive characteristics 
of the species, such as fecundity, germination and growth as well as regeneration rate of 
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seedlings and saplings. Ideally, the latter activities should be repeated to assess the 
fluctuation of densities in response to differing harvest levels (Peters, 1994). However, 
because of time limitations the observations on regeneration (seedlings and saplings) 
were only conducted for 14 months. Instead, this information, together with population 
structure, was used to construct matrix models. The models were used to assess whether 
the species is naturally regenerating or not by estimating the coefficient of regeneration. 
Harvest studies (Chapter V) provided data on the condition of adult trees and their 
offspring that were conducted concurrently with harvesting activities. This study was 
important as an early warning system to detect problems with reproduction or growth of 
the harvest trees before it becomes very serious. The study also obtained information on 
whether there was an impact of harvesting on the offspring due to fallen trees or 
trampling. In addition, the study also assessed the yield of gaharu per harvest according 
to quality, and the period for searching gaharu in three different regions. 
Trade studies provided data on the current level of demand for the products. For a 
product such as gaharu, of which the products are obtained by felling the trees, these data 
were crucial for assessing whether the current demand is compatible with the 
regeneration rate of the species. Furthermore, trade data together with harvest 
assessments were used to estimate the felling rate of gaharu in Indonesia according to 
region and period. 
There are examples of how to assess sustainable management of non-timber forest 
products (Peters, 1994; Peters et al., 1989; Godoy and Lubowski, 1992; Kahn, 1988; 
Conelly, 1985; Peluso, 1983). Except for Peters (1994), most of the assessments were not 
equipped with quantitative analysis of ecological impact. This study simulated varying 
ecological impact on the offspring to assess the regeneration coefficient of the harvest 
species (Chapter V). The value of the coefficient together with felling rate was used to 
present an indication of sustainability which could be used as a basis for setting annual 
quotas of gaharu. 
Based on the population study, six Aquilaria species were found in Indonesia. Based on 
NFl and field data, except for West Kalimantan population structure of seedlings and 
saplings of the species suggested a negative J shape pattern, while population structure of 
a non-juvenile (dbh> 10 cm) indicated a non-consistent pattern (Chapter II). These data 
suggested that despite the fact that the species has abundant regeneration, there was a gap 
in the structure of mature populations. The gap was either caused by the lack of 
recruitment in the past or by the impact of harvesting gaharu which may target different 
sizes of trees of Aquilaria spp. The lack of saplings recruitment in the West Kalimantan 
site may need some attention as in the long term it could result in the decline of 
population. In general, these types of regeneration of Aquilaria as a whole belong to a 
transition between Type I and Type II size-class distributions (Peters, 1994). Type I is a 
typical size class distribution for which offspring recruitment is abundant, while Type II 
is a size-class distribution where there is infrequent offspring establishment. More 
importantly, these population figures suggested that harvesting may create a gap in the 
population structure of mature trees. If in the near future (based on population 
monitoring), the gap or absence of particular size classes increases while the population 
of juveniles drastically declines, the managers should immediately become aware that the 
species is not regenerating. 
Based on the NFl data, the standing stock of mature Aquilaria trees (dbh >10 cm) was 
estimated as approximately 400,000 and 130,000 individuals in lowland and upland 
Sumatra, while in lowland and upland Kalimantan the estimate was of approximately 
1,500,000 and 480,000 individuals respectively. These populations are basically the 
standing stock of harvestable Aquilaria in Indonesia. For ideal management units, these 
data should be provided along with population structure or size-class distributions of 
adult trees. In this study the size-class distribution of Aquilaria was presented based on 
the NFl cluster containing the species (Chapter II). Will these stocks be sufficient to 
meet the current demand of gaharu trade in a sustainable way? 
Chapter V provided the example of trade in three regions of Indonesia. For this analysis 
two regions will be discussed (West and East Kalimantan). The trade records between 
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1991-1996 indicated that annual trade of gaharu from the two regions fluctuated 
markedly from zero to 2.5 tonnes in West Kalimantan and from three to 13 tonnes in East 
Kalimantan. During this period, the annual trade of this product from west Kalimantan 
was 1,387 tonnes, while for East Kalimantan was 7,371 tonnes. Based on the trade data, it 
was estimated that approximately 9,000 trees of Aquilaria were felled annually in West 
Kalimantan and about 50,000 trees of the same trees were felled every year in East 
Kalimantan. The annual damaged seedlings due to fallen trees in West Kalimantan was 
estimated about 24,000 individuals while for the East Kalimantan was estimated 
approximately 8,600 individuals. In addition, the annual seedlings damaged due to 
trampling during harvesting in West Kalimantan was estimated about 80,000 individuals 
while for East Kalimantan the value was estimated as approximately 55,000 individuals 
(Chapter V). Given that the global demand of gaharu is consistent (Chapter VI) and given 
that the annual felling was relatively high, it appears that the trade fluctuation between 
1991-1996 in the two regions resulted from supply limitations. This figure may be a way 
of detecting whether the species was sustainably harvested or not. 
Given that the figure of harvest impact was high, are there sufficient offspring to replace 
the harvested trees? To address these questions, theoretically, the regeneration should be 
periodically monitored in response to different harvest pressures. For a large management 
unit, this could be done by establishing permanent sample plots. However, this study used 
matrix models to assess the regeneration characteristics of the species. Based on natural 
populations of Aquilaria in West and East Kalimantan, matrix models indicated that the 
coefficient of regeneration of A. malaccensis and A. microcarpa in Kalimantan was more 
than one which suggested that both species are regenerating. To assess the sensitivity of 
species regeneration, the study simulated different scenarios of felling rate and impact of 
harvesting as well as rotation of harvesting. Based on these simulations, it was predicted 
that harvesting of the species in the two areas will be sustainable provided that the 
annual cutting level is set at a maximum of 30% of harvestable individuals with a 
minimum dbh >10 cm. The figures of regeneration and felling rate of Aquilaria could be 
used as a justification for establishing quotas of trade in gaharu. What is the acceptable 
range for national quotas of trade in gaharu? There should not be any "magic number" for 
250 
establishing the national quotas. A rapid inventory for each gaharu producing region is 
highly recommended prior to establishing annual quotas. 
This study was an example of assessing sustainable use of non-timber forest products. 
Although the results do not provide a clear guidance for action, the general approach 
adopted could be applied to other products. The key points in assessing sustainability (as 
stated by Peters, 1994) are inventory and monitoring of regeneration. In addition, the 
local people who get most benefit should be included. The resulting questions are: who 
will undertake an inventory, monitor and analyse the data? How can the manager get the 
data? What kind of data are essential for making decisions? 
In the case of gaharu, local people should be the first to be included in achieving a 
sustainable harvest. Local communities with indigenous knowledge should be accorded 
priority in the process of inventory and monitoring the population structure. Together 
with the managers who will analyze the ecological data, local people should also be 
included in a decision-making process both of level of harvest and length of rotations. 
Trade and demand should be controlled by the supply availability and not the other way 
around. Harvest of a product such as gaharu in one forest area simply cannot always 
continue at a commercial level. Sustainable harvesting requires careful monitoring of 
regeneration and growth as well as strict control of regular harvest. 
Since 1995, for unclear reasons, the Indonesian Sciences Institutes (LIPI) has established 
the annual quotas of harvest and trade gaharu between 200 to 400 tonnes. The highest 
quota (400 tonnes) was established in 1995, a year after listing A. malaccensis in 
Appendix II of CITES. At present, there was no recording and monitoring of either 
population structure and regeneration of Aquilaria and other species in the trade. 
Establishing annual quotas of trade of species at such high volumes without careful 
ecological considerations may increase the risk of the species becoming extinct. Given 
that gaharu has an economic value to both local communities and the national revenue in 
general, and given that the current harvest appears to be endangering to the survival of 
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the species, it is highly recommended that both scientific authority (LIP!) and the 
management authority consider re-evaluating the current quota procedures. 
VII.7. LIMITATIONS 
There are several caveats to the results of this study described in the preceding chapters. 
First, although the study has broadly encompassed the objectives set, it added detail 
would have been valuable in each of the activities undertaken. The inventory data in 
Chapter II mostly were derived from the NFl data which has taxonomic problems. The 
assessments of reproductive ecology and regeneration (Chapter III and IV) were 
conducted in a limited time. Data collected over several years would have been preferable 
as trees in tropical forest vary annually in timing of flower, fruiting and germination. 
Growth may also vary according to size class. The assessments of impact of harvest were 
not conducted in the same season; so additional replication here would also have been 
advantageous. The observations of harvest in West Kalimantan were conducted during 
the rainy season when many of new seedlings appeared, while in East Kalimantan the 
study was undertaken during the dry season. 
The second major limitation is that matrix models which are based on population 
dynamics should be interpreted with caution. Population dynamics of a particular species 
varies over time and space. Because the models (Chapter V) were constructed based on 
only one year observation, there is increased of error associated with the predictions. 
Population dynamics of a given species is influenced by other species in the community. 
In tropical forest, competition, predation, pollination and seed dispersal agents influence 
the population dynamics of plant species and their activities may be expected to vary 
from year to year, as well as spatially. For these reasons the models require validation 
prior to their application. 
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Figure 7.1. An approaches for assessing sustainability of the gaharu trade. 
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VH.8. RECOMMENDATIONS 
This study suggests that the current level of harvest is unsustainable. The current 
national quotas of trade in gaharu should be cut by approximately 70% provided that 
most harvests of gaharu in Indonesia are collected from wild populations. 
The scientific authority and the management authority in cooperation (to the most 
possible extent) with the traders and local people who get the benefit from gaharu 
trade should start using NFl plots for monitoring the population structure of the 
species under different harvest level. Concurrently, to assess the future sustainable 
level of harvest in various regions, the current matrix model should to be validated 
with the different record of growth and fecundity of each species of Aquilaria from 
the observed plots. This activity should be carried out consistently as long as the 
harvest of naturally-occurring gaharu continue. 
The population density of Aquilaria spp. in the wild is generally low and the trees in 
the wild are harvested regularly. To allow a higher regeneration rate enrichment 
planting in natural forest should be considered as a possible option for maintaining 
sustainability. Local people involved in the gaharu trade should be encouraged to do 
enrichment planting with the guidance by forest rangers. 
A possible alternative for maintaining the current trade is cultivation of Aquilaria in 
plantations. The traders and local people should be encouraged to start establishing 
Aquilaria plantations. The forestry management authority together with gaharu 
traders should establish several nurseries in the area where many local people get 
benefit from gaharu to supply the young trees for plantations. 
The growth of young Aquilaria species is faster under high irradiance. To maintain 
seedling regeneration, gap management around the mature trees of Aquilaria in 
natural forest is recommended. This activity may be conducted by forest rangers and 
local people with the guidance from the forestry scientific authority. 
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Gaharu only occurs in infected Aquilaria trees; research in inoculation process on 
Aquilaria trees in the plantations should be highly prioritized. Traders who get most 
benefit from gaharu business should contribute to the funding. 
NFl data are crucial for maintaining forest information in Indonesia; it is strongly 
recommended that the NFl field inventory be improved by enhancing the taxonomic 
procedure, tree labelling and maintenance of access tracks and information boards. 
Herbarium collection are also strongly advised. 
The CITES Management Authority should propose a listing of all Aquilaria species 
originating from Indonesia (under Appendix II) for the purpose of traffic 
enforcement. The proposal should be submitted to the next 12 th CITES conference. 
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